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FOREWORD

This Appendix supplements the Report of
the United States Study Commission, Southeast
River Basins, and the other appendixes thereto,
by presenting general information on the hy-
drology of the study area and the results of
hydrologic studies.

This Appendix is presented in eight parts.
Part One relates the hydrologic studies and data
to the overall plan. Part Two deals with the
climate of the area; Part Three with water
resources and problems connected with their
use; and Part Four with trends and technological
developments involving use of water which may
be expected by the year 2000. Part Five indicates
the criteria and methods used in planning for
purposes involving water resources, and Part
Six lists the basic data reports prepared by co-
operating agencies. Part Seven sets forth some of
the principal needs for additional data and re-
search activities in the field of hydrology, and
Part Eight lists and refers to pertinent publica-
tions. The matter contained in each part is per-
tinent to the comprehensive plan. The reader is
urged to consider the Report in the aggregate
rather than to consider selected material out
of context.

The Report of the United States Study Com-
mission summarizing the plan for the Southeast
River Basins is made in response to the provi-
sions of Public Law 85-850 (72 Stat. 1090) dated
August 28, 1958, which established the United
States Study Commission, Southeast River Basins.
Public Law 85-850 is reproduced in Appendix 13.

The authorizing Act provides for an inte-
grated and cooperative investigation to formu-
late a comprehensive and coordinated plan for:

(1) Flood control and prevention;

(2) domestic and municipal water supplies;

(3) the improvement and safeguarding of
navigation;

(1) the reclamation and irrigation of land,
including drainage;

(5) possibilities of hydroelectric power and
industrial development and utilization;

(6) soil conservation and utilization;

(7) forest conservation and utilization;

(8) preservation, protection, and enhance-
ment of fish and wildlife resources;

(9) the development of recreation:

(10) salinity and sediment control;

(11) pollution abatement and the protection
of public health; and

(12) other beneficial and useful purposes not
specifically enumerated in the Act.

The comprehensive plan for the Southeast
River Basins is formulated to meet the needs of
the area for land and water resources develop-
ment to the year 2000. Projects and programs
existing and under construction in 1960 are in-
cluded in the plan, but only 1960-2000 develop-
ments are analyzed.

The plan for the development of the resources
of the Southeast River Basins is the result of
cooperative work of Federal, State, and local
and private agencies having interest in the area
and knowledge of its needs and requirements.
Public hearings were held early in the planning
process to obtain firsthand knowledge of con-
ditions and problems in the study area and to
secure suggestions for their solution. Through-
out the study, liaison was maintained with in-
terested groups and agencies by means of con-
ferences and committee and advisory group meet-
ings. When a tentative plan was developed, pub-
lic presentations were made by the Commission
to inform interested persons and organizations
and to request comments. These comments were
considered in preparing the final plan and
Report.

Although many individuals, groups, and
agencies have participated in the studies, the
Commission takes full responsibility for the plan
and for the projections, assumptions, and anal-
yses on which it is based.

The Commission plan for the Southeast River
Basins is supported by data contained in 13
appendixes. Data on the plan for development
of the resources in the eight geographic areas
studied in the Southeast River Basins are con-
tained in Appendixes 1 through 8. Technical
data and information applicable to both the
entire study area and the several geographic




areas are contained in Appendixes 9 through 13. Appendix Title

i The appendixes to the Commission Report are S Apalachicola-Chattahoochee-Flint
as follows: Basins
Appendix  Title 8 _____ Choctawhatchee-Perdido Basins
P == _Savannah Basin 9 . Economics
b 2 .. Ogeechee Basin 10 HYDROLOGY
3 - Altamaha Basin 11 . Engineering and Cost
4 Satilla-St. Marys Basins 12 Planning
5 - Suwannee Basin 13 History and Organization of the
6 Ochlockonee Basin Commission
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PART ONE - INTRODUCTION

The Hydrology Appendix describes, in more
detail than is possible in the Report and basin
appendixes, the climatic and hydrologic en-
vironment of the Southeast River Basins. The
Appendix also indicates the nature and amount
of basic data available and refers to published
sources of such data. The Appendix supports the
Report and basin appendixes by explaining per-
tinent relationships and stating the manner in
which data are presented.

The discussion of trends and technological
developments is an attempt to look ahead to see
if natural trends or cycles or technological de-
velopments are likely make substantial
changes in the water regime or in the need for
natural water.

In any activity the effort is naturally divided
between the purpose-oriented drive to get the
job done and the process-oriented effort to meet
certain standards of quality and consistency. The
Section on Methods and Criteria discusses the
decision-making process where the planning
methods relate to the discipline of hydrology.
In the evolution from agency-oriented limited-
purpose planning to the more integrated U. S.
Study Commission planning, efforts have been
made to understand the reasons for different
procedures by different agencies and to help re-
solve these differences so that planning can be
cohesive and so that different segments of the
plan can be compatible. Great reliance was

to

placed on the design and other manuals of the
cooperating agencies, but planning is still in
large measure an art instead of a well-defined
and carefully worked-out discipline.

Much of the work in hydrology was done by
cooperating agencies. In fact, most of this work
had been done earlier and merely needed to be
brought together in convenient form to provide
the staff and cooperators the background of
water availability and rainfall-runoff and other
relationships necessary for planning.

Planning requires sampling and examination
of relationships among climatic and hydrologic
clements which often have largely been observed
separately. There is a need for training and ex-
perience which will produce a broader under-
standing of planning techniques and their inter-
relationships which in the past have only partly
been coordinated. As competition for resources
and resource programs grows, the balance be-
tween data-gathering and data-use will require
some sort of efficiency and economic tests.

This Appendix includes a very brief bibliog-
raphy. Its purpose is to give examples and to
show the scope of reading which is basic to an
understanding of the climate and hydrology of
the Southeast River Basins.

At the end of Part Two, Figures 2.15 through
2.23 show the kind and location of hydrologic
observation stations in each of the eight river
basins of the study area.



PART TWO - CLIMATE

SECTION | — RAINFALL

Average Rainfall

The average annual rainfall of the Southeast
River Basins is about 50 inches. The United
States average is about 30 inches. Figure 2.1
shows the average annual rainfall over the study
area for the period 1931-55 as given in the
Weather Bureau publication, “Climates of the
States.” The heaviest rainfall occurs in the moun-
tains. Warm moist air masses rise and are cooled
as they ascend the slopes of the southern Appa-
lachian Mountains. Moisture condensed from
this action falls as rain and makes this the rain-
iest region in the Eastern United States. Even at
the highest elevations, nearly all of the precipi-
tation is rain because the temperatures are mild.
Consequently, snow can be neglected as a factor
in planning the management of water resources.
The smooth isolines of Figure 2.1 do not show
the effects of local topography on the distribu-
tion of rainfall. While the generalized lines of
average annual rainfall do not exceed 68 inches,
there are places in the mountains that receive
80 inches of rainfall in an average year. These
places are small and scattered and no attempt
has been made to identify them.

The extreme southwest portion of the study
area receives average annual rainfall of more
than 60 inches. This rainfall results from the
proximity of this area to a moisture source, the
Gulf of Mexico, and from its high humidity,
particularly in summer. Along the Atlantic coast
is a zone which is subject to a lesser marine in-
fluence and which has annual rainfall of about
52 inches. The portion of the study area with
the least rainfall is in east-central Georgia and
the adjoining portion of South Carolina. In
this area, which is relatively far from the moun-
tains and the coast, the annual rainfall averages
less than 44 inches. Furthermore, instead of
augmenting the rainfall, the mountains tend to
shelter this area from late winter and early
spring storms from the west and northwest.

' Seasonal Distribution of Rainfall
Figure 2.2 shows, by the stepped lines of each

21

diagram, the average seasonal distribution of
monthly rainfall for selected representative sta-
tions in the study area. The temperature and
runoff portions of the diagrams are discussed in
Section III of this Part and in Section I of Part
Three. In general, the rainfall is fairly well dis-
tributed throughout an average year, with most
of the rain occurring during the growing season.
The early spring peak, which is prominent in
the northern part of the study area, is a product
of frontal storms which sweep across the conti-
nent. The path of these storms migrates sea-
sonally. These storms cross the northern portion
of the study area several times a year, particular-
ly in late winter and early spring when they
reach their lowest latitudes.

The summer peak, which is more prominent
in the southern portion of the study area, is a
product of thunderstorms which produce a large
portion of the summer rainfall. A very slight
autumn peak may be discerned at Savannah and
Waycross near the Atlantic coast. This peak may
be ascribed to hurricanes and lesser tropical
storms. At other southern stations the summer
peak extends into the autumn hurricane scason.
The climatic effect of hurricane rainfall is rela-
tively insignificant because hurricanes occur in-
frequently at any location, and their aggregate
rainfall is small compared with the scattered,
though more frequent, thunderstorm rainfall.

The number of days of rain per year in the
study area ranges from 130 in the mountains to
a little more than 100 along the Gulf coast. This
number ranges throughout the United States
from more than 150 in parts of New England,
the Lake States, and the Pacific Northwest to
less than 50 in the arid Southwest. The inci-
dence of rainy days varies somewhat throughout
a typical year, averaging about 10 per month.
The number, at most places, rises from about 6
per month in autumn to 10 in early spring, dips
to 8 or 9 in late spring, and reaches a peak of 12
to 14 in summertime.

Year-to-Year Variability of Rainfall

The variation in total annual rainfall from
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year to year is illustrated in the stepped lines in
the diagrams of Figure 2.3. It may be noted that
extremes of 50 percent more and 50 percent less

than average have occurred in most records.
Significantly, the annual rainfall is rarely less
than the United States average of 30 inches.

SECTION Il - DAMAGING STORMS

Hurricanes

While hurricanes usually bring rain at the
driest time of year, they commonly cause destruc-
tion—partly from wind and waves but mostly
from flooding. The flooding is due to runoff
from heavy rain and, bordering the coast, to a
combination of runoff and high storm tides.
While the path of a hurricane is usually marked
by the trajectory of its center of low pressure,
the effects extend many miles in all directions.
The center of a typical hurricane may travel at
an average speed of 10 miles per hour, yet the
speed of the air circulating about this center
commonly exceeds 100 miles per hour over vast
areas. For a tropical storm to be classified as a
hurricane, the wind must be at least 75 miles
per hour somewhere in the storm. A typical
hurricane heads toward the North American con-
tinent from the south or southeast. As it ap-
proaches the continent, it usually curves to the
north or northeast and may cross the coast any-
where from Mexico to Canada. Often, the storm
turns northeast some distance from the coast and
stays at sea with its effects brushing projecting
places such as the Florida peninsula and Cape
Hatteras, North Carolina. The map of Figure 2.5
shows Ly year the hurricanes which have entered
the study area since 1910.

The map of Figure 2.4 shows the incidence of
destruction caused by tropical storms—hurri-
canes plus lesser tropical storms—in terms of
the frequency with which various parts of the
study area have been visited by tropical storms.
The lines on the map show the average number
of years between such destructive storms. One
year in three, for example, the coast between
Pensacola and Apalachicola receives some dam-
age. From the Fall Line north, lesser damage
is caused on the average of once in 10 years
or more.

Thunderstorms, Hail, and Tornadoes

The annual incidence of thunderstorms, which
include lightning, ranges from 70 or 80 along the

Gulf coast to 50 in the north and east portions
of the Southeast River Basins. Most of the
United States has fewer thunderstorms than the
study area but the Florida peninsula has more.
Most of the thunderstorms in the study area
occur during summer afternoons. There is a
good chance of at least one thunderstorm any
month of the year.

The study area is particularly free from hail,
most places averaging 1 to 2 days per year. Most
of the United States has more, particularly the
Midwest and Prairie States.

The study area averages about five tornadoes
per year, each tornado affecting a small strip
of area. This incidence of tornadoes is about the
average for the eastern seaboard. In the United
States, the incidence ranges from practically zero
along the west coast to about twice the study
area average for equivalent areas in the Prairie
States. In the study area, tornadoes occur most
frequently in the early spring.

Figure 24 Incidence of Hurricane Damage, Interval
Shown in Years.




HURRICANES ENTERING SOUTHEAST RIVER BASINS

-

S ~~-Migg

RN

GULF OF
MEXICO

4

o
) FL.

;\
W«

NC oy
3
Mg Ny’

scCc V¥

ATLANTIC
OCEAN

)

.
4

hhhhh

1910-1960

N.C. =*
e 5 > 3 i
=
ax
(L ; *.
o \

2:6

&

b
\‘\“t:\ g
g

st

177
//'-]/(),

SCALE IN MILES
20 40 60

e,
)

%

%o

Figure 25




el s Al

SECTION Il - TEMPERATURE

Average and Seasonal Distribution

The curved lines in the diagrams on the map
of Figure 2.2 show the seasonal distribution of
average daily temperature in degrees Fahrenheit
at selected representative stations. In general, the
average daily temperature at the height of sum-
mer is slightly above 80°. July temperatures
averaging about 75° are typical of most of the
United States. Values less than 70° prevail in
the extreme northern United States, a narrow
fringe along the north Pacific coast, and in high
mountain regions. Values considerably higher
than 80° occur in parts of the Southwest.

In January, the average daily temperature in
the study area is about 40°F. in the mountains,
45° over much of the Piedmont province, and
50° over much of the Coastal Plain.

Winter temperatures vary more over the
United States than summer temperatures do.
Average January temperatures range from zero
over the northern plains to 70°F. at the south-
ern tip of Florida. In the midwest and north-
eastern industrial belt, average January tempera-
tures range from 20° to 30°.

Daily Range of Temperature

The average daily temperature range is about
20°F., with the minimum usually at sunrise,

Figure 2.6 Average January Maximum Daily
Temperature, °F.

and the maximum usually early in the afternoon.
Exceptions to this regime occur, of course, with
a frontal passage and a change in air mass; strong
wind and mixing; and dense clouds. With un-
usually long duration of cloudiness or with dense
clouds, the daily temperature range may be less
than 10°; and with clear skies, dry air, and light
wind the range frequently exceeds 30°.
Figures 2.6 through 2.9 show the average daily
extremes of temperature for January and July,
for the period 1931-55, from the Weather Bu-
reau publication, “Climates of the States.” Figure
2.6 shows that on an average January day the
temperature rises to more than 50°F. in the
mountains, the low 60's in the central part of
the study area, and reaches 70° in the extreme
southeast part. As shown on Figure 2.7, the
minimum temperature during an average Jan-
uary day is 30° in the mountains, 40° in the
central part, and nearly 50° in the extreme
southern portion of the Southeast River Basins.
In July, as shown on Figure 2.8, the average
daily maximum temperature is about 90°F.
over most of the Southeast River Basins, and
somewhat less in the mountains. Figure 2.9 shows
that during a typical July night the temperature
falls to about 70° over most of the Southcast
River Basins. In the mountains the minimum is

about 60°, and along both coasts it is in the
low 70's.

Figure 2.7 Average January Minimum Daily
Temperature, °F,




Figure 2.8 Average July Maximum Daily
Temperature, °F.

Extremes of Temperature

The incidence of extreme temperatures in the
Southeast River Basins is shown on Figures 2.10
and 2.11. Figure 2.10 shows the average number
of days having a maximum temperature of 90°
F. or more, and Figure 2.11, the average number
of days having a minimum of 32° or less. The
maps in these two figures do not show local vari-
ations related to sharp differences in topography.

Figure 29 Average July Minimum Daily
Temperature, °F.

The yearly temperature variation at most
stations is small, two-thirds of the years having
average annual temperature within one degree
of the average. However, for shorter periods,
such as a month, considerable departures from
average occur. For example, February is occa-
sionally warmer than March of the same year.
Temperatures much higher than 100° F. and
lower than zero are extremely rare anywhere in
the Southeast River Basins.

Figure 2.10 Average Annual Number of Days with Maxi-
mum Temperature 90°F. oy Higher.

Figure 2.11 Average Annual Number of Days with Mini-
mum Temperature 32°F or Lower.
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Growing Season and Degree Days

Growing season is defined as the period be-
tween the last occurrence in spring and the first
occurrence in autumn of temperatures below a
given base. This base is different for different
plants, some being much hardier than others.
Tomatoes are damaged at temperatures below
32° F., whereas peas and cabbage can withstand
temperatures as low as 24° for brief periods.
Figure 2.12 shows the average frost-free period
or length of growing season for sensitive plants.
The number of days ranges from 180 in the
mountains to 300 in the extreme south, with
most of the Southeast River Basins having about
250. These values vary, of course, from year to
year. In the north, the length of growing season
is within 20 days of the average two-thirds of
the years, and in the south it is within 30 days
two-thirds of the years.

Figure 2.13 shows the average date of the last
freeze in spring, and Figure 2.14 shows the
average date of the first freeze in autumn. Both
figures apply to sensitive plants. For hardy plants
the average growing season limits would be
about 25 days earlier in spring and about 20
days later in autumn.

The average annual number of degree-days
below a base of 65°F. is a commonly used meas-
ure of requirement for heating buildings. In the

Figure 2,12 Growing Season, Average Number of Days
Per Year.

Southeast River Basins this number averages
1,400 along the coasts, 2,400 for Augusta, and
2,800 for Atlanta and Columbus. For compari-
son, Phoenix, Los Angeles, and New Orleans
have 1,200 to 1,500 degree-days; St. Louis and
Seattle have about 4,500; and Boston, Chicago,
and Denver have from 5,800 to 6,300 degree-days.

Figure 213 Average Date of Last Spring Freeze.

Figure 214  Average Date of First Freeze in Fall.




SECTION IV - SUN AND CLOUDS

As indicated earlier, there are about 120 days
of rain over most of the Southeast River Basins
in an average year. About 120 days are clear,
and the remainder plus some of the rainy days
are partly clear. The foregoing values apply also
to most of the eastern United States. However,
because of low latitude of the Southeast River
Basins, there is more solar radiation on an aver-
age winter day than farther north. In summer-
time sunniness is relatively uniform over the

SECTION V - FOG

Dense fog occurs during part or all of the
day on 10 to 15 days per year over most of the
Southeast River Basins, with values as high as
20 along part of the Gulf coast and 80 in the
extreme north mountains. Along both northern
coasts of the United States 30 or more days of
dense fog occur in an average year. Most of
the Appalachian region has 30 or more foggy
days per year. Practically all the rest of the
United States has less than 30 days of fog per
year, and most of the United States has less
than 10.

Extremes and changes in atmospheric humidi-
ty affect human comfort, manufacturing pro-
cesses, air-conditioning load, growth of vegeta-
tion, and the operation and durability of equip-
ment and buildings. Relative humidity is prob-
ably the most commonly used expression of
humidity. Its dependence on temperature as
much as on water content results in great vari-
ation during most days everywhere. Relative hu-
midity ranges from about 50 percent early in
the afternoon to above 90 percent by sunrise
during a typical day any time of year. This range
of variation exceeds the seasonal variation for
any given hour of the day. Accordingly, regional
and seasonal generalizations of relative humidity
have limited value.

As a measure of human comfort, relative hu-
midity can be particularly misleading. If the
air temperature is 68°F. and the relative humid-
ity is 62 percent, most people would be quite
comfortable; but if the air temperature is 90°
and the relative humidity is only 50 percent,
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United States and is generally adequate every-
where.

Partly because of the cloudiness associated
with summer shower activity in the Southeast,
June and July frequently have no more hours of
sunshine than May. This summer afternoon
cloudiness, along with the proximity of most of
the Southeast River Basins area to the relatively
cool ocean, helps explain why temperatures
much above 100°F. are extremely rare.

AND HUMIDITY

many people would be uncomfortable. The wet-
bulb temperature is about 60° in the first case
and 75° in the second case. Also, the amount
of water vapor is much greater in the second
case, despite the lower relative humidity.

As a measure of human comfort, humidity
can conveniently and effectively be described in
terms of the wet-bulb temperature. The wet-
bulb temperature is the temperature of a moist,
ventilated, shaded thermometer bulb at which
there is an exact balance between the warmth of
the air and the evaporational cooling effect of
the moist surface of the bulb. In general, the
higher the wet-bulb temperature, the higher the
humidity and the greater the discomfort of most
people.

The wet-bulb temperature in the Piedmont
region of the Southeast River Basins ranges from
about 40°F. in winter to 70° in summer. The
value in the Coastal Plain ranges from about 50°
in winter to 75° in summer. Humidity is rarely
a problem in winter. In summer it strongly in-
fluences human comfort and is an important
climatic element.

In July the wet-bulb temperature in the
United States ranges from 50°F. to more than
75°. Over most of Florida and a narrow margin
along the Gulf coast, it is 75° or slightly higher.
Most of the west has an average less than 60°.
In the Lake States and much of New England
it is between 60° and 65°. In the midwest and
much of the Atlantic seaboard it is between 65°
and 70°,




SECTION VI - WIND

The Southeast River Basins is at the southern
edge of the prevailing westerlies and north of
the usual trade-wind belt. The path of the wes-
terlies migrates southward in winter and occa-
sional storms of that season are associated with
the westerlies. In summertime the westerlies are
generally north of the Southeast River Basins.
In addition to the general circulation, the South-
east River Basins area is subject at times to the
more local circulation within storms, to moun-
tain-valley breezes, and to land-sea breezes near
the ocean and gulf.

In general, the wind near the ground has vari-
able direction and is relatively light. The aver-
age speed is 5 to 10 miles per hour with no well-
defined directional pattern either for average or
for strong winds. Because of the relatively brief

and rare occurrence of hurricanes and tornadoes
they have but little effect on the average wind
pattern of most of the Southeast River Basins.
In general, the windiest season is early spring,
with lighter winds in summer, averaging about
2 miles per hour difference between the two
seasons.

Physiographic influences in the Southeast
River Basins are important. Stations such as
Pensacola and Savannah, which are at or near
the open coast, have average wind speeds of 7
to 10 miles per hour; stations, such as Atlanta,
on ridges or plateaus have average wind speeds
of 8 to 10 miles per hour; and at relatively
sheltered valley stations such as Augusta, Macon,
and Tallahassee the winds average 5 to 7 miles
per hour.

SECTION VII - TIDES

Normal gravitational tides in the Southeast
River Basins occur twice daily. The tidal range,
which is the difference between mean high water
and mean low water, increases from about 5
fect near the mouth of the Nassau River to 7
feet near Savannah along the Atlantic coast.
Along the Gulf of Mexico the tidal range in-
creases from about 1 foot near Pensacola to more
than 2 feet near the mouth of the Suwannee
River. Departures from the general trend along

each coast amount to as much as one-half foot
at some places because of local configuration of
bays, sounds, and harbor entrances.

Extreme low water is generally about 1 to 4
feet below mean low water, the distance usually
being about half the tidal range. Extreme high
tides as much as 20 feet above mean sea level
may result from hurricane winds and pressures,
and river floods may also produce high stages
in estuaries.

SECTION Vil - OBSERVATION STATIONS

The maps of Figure 2.15 to Figure 2.23 show
the locations of precipitation, temperature,
streamflow, and other hydrologic stations as of
1960 for individual basins in the study area.
These maps appear in geographical order of the
individual basins from northeast to southwest
across the study area. For additional and more
detailed information, reference may be made to
publications of the agencies responsible for the
observations or to the maps from which these
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figures were prepared and which are identified
as “River Basin Maps of the Inter-Agency Com-
mittee on Water Resources Subcommittee on
Hydrology—Prepared under supervision of U. S.
Weather Bureau—1960." The list of symbols,
shown on Figure 2.15 for all maps in the series,
was reproduced from the original Inter-Agency
Committee maps and shows some types of ob-
servations which are not taken in every part
of the country.
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PART THREE - WATER RESOURCES
AND PROBLEMS

SECTION | - SURFACE WATER

Average Streamflow

The average annual streamflow of the South-
east River Basins represents about 15 inches
average depth over the drainage area, compared
to the United States average of about 8 inches.
Wet years include 1929 and 1948 and the out-
standing recent dry period is 1954-56. Most of
the stream-gaging records were started in 1937
or later and most of the older records have dis-
continuities, so estimates of average flow are not
precise. Flow postulated for future years is largely
a product of the conventions chosen in any selec-
tion of (1) a standard period of record; (2)
methods for adjusting short records to the older
ones; (3) estimates for ungaged areas; and (4)
the assumption of no long-term trends or cycles
to be extrapolated. Streamflow for the period
1937 through 1955 was taken as a sufficiently
good indicator of the streamflow regime to be
expected for the period ending in the year 2000.

On Figure 3.1, the wide, shaded bands along
each major river indicate, by the scale shown,
the average annual streamflow or runoff for the
standard period 1937-55. The narrow, heavily
shaded bands indicate the lowest calendar month
flow during the period. This figure shows the
relative flows of the major streams and the
accumulated flow from tributaries. Figure 3.2
shows the average annual runoff for the period
1937-55 from areas of 24 to 1,300 square miles
for the purpose of indicating the geographical
distribution of surface runoff. Larger drainage
areas than those shown would obscure local vari-
ations in average runoff. Data for smaller areas
are very sparse. Runoff from the intervening
ungaged areas can be interpolated fairly well
above the Fall Line and isolines of average an-
nual runoff could be drawn for the portions of
the Southeast River Basins in the Piedmont and
Blue Ridge provinces. However, below the Fall
Line, the drawing of such lines would be largely
conjecture because of discontinuities in geologic
and soil-mantle conditions which affect the re-
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gional distribution of surface runoff more than
rainfall does in much of this area. In the absence
of a generalized regional study of ground water,
rainfall, runoff, and related factors, it has been
necessary to estimate runoff from ungaged areas
by such methods as assuming that characteristics
believed to apply in a nearby gaged area apply
to the area for which estimates are needed. In
some places, such as Savannah headwaters, it
was necessary to extrapolate instead of inter-
polate. The map of Figure 3.2 shows the regional
runoff pattern in a general way.

Withdrawals of Surface Water

The average annual surface water discharge
to the sea from the study area is about 70 million
acre-feet and the lowest flow of record half that.
The 1960 withdrawals from surface sources
totaled 3 million acre-feet and the projected
withdrawals for the year 2000 total 9 million
acre-feet, not counting reuse. These withdrawals
will be widely dispersed. Possibly one-tenth of
the total withdrawal will be consumed.

Seasonal Distribution of Streamflow

The diagrams on the map of Figure 2.2 show
the seasonal distribution of average monthly
streamflow in inches average depth for selected
drainage areas near the cities shown on the map
by means of shaded bars at the bottom of each
diagram. Regardless of variations in the seasonal
rainfall pattern, the average streamflow, except
in certain coastal areas, is high in ecarly spring
and recedes to a low in late autumn. This aver-
age seasonal regime is typical even of most small
streams. The summer rainfall peak does not ordi-
narily produce a summer runoff peak because
summer showers usually fall on relatively dry
soil and because much moisture is transpired by
vegetation in summer, thus leaving relatively
little contribution to runoff. Some of the coastal
streams originating in large springs or lakes tend
to have fairly uniform flow throughout the year.
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A few of the others tend to have two rises per
year, one following each rainy season, because
of special local geological and vegetative condi-
tions.

Year-to-Year Variation in Streamflow

In the diagrams of Figure 2.3 the shaded areas
show the total calendar-year streamflow in inches
average depth from drainage areas near the cities
for which rainfall has been given. It may be
noted, in general, that years with heavy rainfall
also have heavy streamflow, and vice versa, with
a fairly high degree of correlation. The differ-
ence between rainfall and runoff averages about
35 inches, with bigger differences during wet
years and smaller differences during dry years.
Most of the runoff diagrams in this figure are
for small drainage areas so as to reflect regional
differences that would be obscured by larger
drainage areas. Unfortunately, the few small-
area streamflow gaging stations in the Southeast
River Basins generally have short records as com-
pared with rainfall records. The diagram for the
flow near Columbus, Georgia, shows the long
record streamflow for the Chattahoochee at
West Point. This record is not to be compared
with that of Columbus rainfall but is to demon-
strate the variation in streamflow from year to
year over a long period. For the entire period
of record at this station, two-thirds of the annual
runoff values are within the limits of 15 to 27
inches average depth over the drainage area. It
is significant that the average runoff for the 20-
year period 1940-59 is about 19 inches and
for the 20-year period 1920-39 is about 22
inches—15 percent higher. More study than has
been afforded thus far would be necessary to
establish a reliable, widely accepted estimate of
average runoff for the period 1961-2000, or of
the frequency with which certain extremes are
equalled or exceeded.

With the vast amount of water available in
the Southeast River Basins, it has not been re-
garded as important to make refined estimates
of future water availability, particularly since
only rough estimates of needs are available.
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Streamflow Frequencies and Extremes

Table 3.1, prepared by the U. S. Geological
Survey, gives average discharge, high and low
extremes of discharge and stage, and generalized
frequencies of high and low flows for stations
having records of 5 years or more. Data are
shown as of 1958 except for high flows which in-
clude data to September 1961. Years since 1958
have not changed the record of minimum flows
or materially changed the average regime. This
table is divided into 24 parts, 3 parts for each
of the eight basins. The first part for each basin
identifies the station, gives the drainage area,
gage datum, period of record, and average and
extremes of discharge and stage, with dates of
occurrence. The second part of the table for
each basin gives the mean annual flood and the
50-year flood. The third part of the table for
each basin gives the median annual, lowest and
second lowest discharges for calendar month, 7
days, and 1 day. The basins are listed in the
order of the adopted basin numbering system
from northeast to southwest across the Southeast
River Basins area.

In addition to the descriptions of runoff sta-
tions which are given in Table 3.1, Figures 3.3 to
3.11 show the locations of selected
streamflow stations by schematic diagrams which
also give the river miles for these stations and
major stream junctions. At the stations shown,
continuous recording gages from which dis-
charges may be computed are either now oper-
ating or have been in operation in the past for
a long enough period so that the records have
been valuable in planning. Some of the latter
stations are now operated as partial-record sta-
tions where crest stages are measured but record-
ing records are no longer kept. In addition, par-
tial-record stations not shown on the diagrams
are being operated by the U. S. Geological Sur-
vey in all of the eight basins to measure crest
stages and /or low flows. Reference may be made
again to Figures 2.15 through 2.23, which were
described earlier and which give the locations of

recorder

hydologic stations operating in 1960.




TABLE 3.1

Streamflow Data for Southeast River Basins by Basins

Basin 1 Average and extreme discharges at gaging stations in Savannah basin
Gaging station Dreainage Gage Period of record Average daily di Period of Maximum stage
area datum (water years) = — known d dn-rhnu
(sq. mi.) ve Cls. Inch Number C.fs.  Stage Date S (S = -
3 of ) (water Date scha
years years) (n. (e.r..,
Chattooga River near Clayton, I'lJpllh 1940-58 592 19 AN 07 Oct., 1954 191761 53040 B X 20,000
Chattooga Hiver near Tallulah Yalls, Ga. N0 13 96 0 Sep., 1925  1917-29 N1525 16 4 22,400
Panther Creek near Toccoa, Gat o8 16 10 14 Sep., 1955  1927-01 6,16/49 180 15,100
Tugaloo River near Madison, S, C, L 1903-10 2,057 9 435 1o£ Oct., 1904 2 ? 2 2
Tugaloo River near Hartwell, Ga3 , 1940-58 41,935 20 JELY 14 Oct., 1954 1940-60 83140 W% 28,600
Whitewater River at )M"IN‘('. G 163 7 24 1.6 U('! 1954 1951-61 31158 17 7,120
Keowee River near | 446 5 7 0.9 1‘354 1949-61 3,11/52 0 16.23 18,400
Keowee River near ) 1,131 19 152 1.8 1939-61 25,200
Seneca River near Anderso 2,006 30 170 2.4 1925-61 81,100
Savannah River near Iva, 8. 1950-58 3,956 4 540 1.9 1950-61 54,400
Rocky River near Calhoun Falls, 8. C. 1950-58 238 5 9 06 1950-61 9,450
South Beaverdam C'reek at Dewy Rose, Ga. 1943-58 48 16 1.0 08 ? 2
Do. 1943-61 2,600
Savannah River near Calhoun Falls, S. C.7 2,876 36353 4,887 23 .08 23 636 05 Oct., 1954 1896-1961 114,000
Nurth Fork Broad River near 194244
Carnesville, Ga. 119 60033 144 16 .42 6 17 19 Oct., 1954 1955-61 272161 146 11,400
Broad River near (‘arlton, Ga. 62 384 5 1,416 25.22 15 270 L4 Sep,Qct, 1898-1961 82508 39.0 70,000
Broad River near Bell, Ga. 1,430 357 16 1,658 15.76 27 110 2.2 1927-61 10229 348 79,400
Little River near Mount Carmel, 8. C. 217 353 97 198 12.39 18 10 04 1940-61 R 1440 2060 20,80
Little River near Washington, Ga. 201 360 206 9 61 9 032 16 1950-61 b 13,100
Little River near Lincolnton, 574 2.7 512 12.11 7 15 1.0 1925-51 54,000
Savannah River near Clarks 6,150 182 69 940-54 18,479 18.73 13 1,120 1040-61 196,000
Stevens (reek near Modoc, S. €. 545 197 34 1930-31, 1940-58 351 875 19 0 Sep., 1930-61 2
do. Nov, 1954 1940-61 35,100
Savannah River at Augusta, Ga.? 7,508 a7 0 1R84-G2, 1K06-1907, 10,630 1983 « 1,040 Oct., 1927 1796-1951 360,000
1925-51
Do. IS76-1951 927 20 1463 343 000
Dot 1,770 0.5 Oct., 1951 1952-61 5 4 66,300
Savannah River at Burtons Ferry Bridge
near Millhaven, Ga.¥ X,650 2 42 1940-51 10,870 17 07 12 2,120 L5 Sep., 1951  1797-1951 220,000
Do.10 8,650 42 1 5% 128,126 12.76 7 2,550 16 Oct., 1951 195261 41,400
Brier Creek at Millhaven, S 646 05 88 626 13 15 22 64 Sep., 1054 LERUTY
Savannah River near Clyo, 9,550 13 41 11,960 16 49 18 1,950 - Sep., 1931 270,000
Do.to 9,850 13 41 129,134 12 60 7 3,140 1.3 Oct., 1951 45,500

NOTES:

.

Not determined.

o

capacity, 129,000 acre-feet), on Tallulah River.

Gewa

to present datum not determined.

Unadjusted for change in contents of reservoirs.
Some regulation by powerplant produces diurnal fluctuation at low flow.
Maximum stage occurred at different time than did maximum discharge.
Maximum stage known, 28.2 ft. Aug. 25, 1908, original site and datum, from records of U.S

completely regulated by Clark Hill Reservoir, usable capacity 1,730,000 acre-feet.

-

o and Dam since 1937,

Since December 1951 flow regulated by Clark Hill Reservoir,

11 At site of Fifth Street gage at datum 102.06 ft. above mean ﬂea level,
12 Flow unadjusted for change in contents of Clark Hill Reservoir,

Flood characteristics of streams at gaging stations in Savannah basin

1 Diversion above station at times for municipal supply of Toccoa, Ga.; average discharge adjusted for diversions.

Prior to Dt‘vmnhor 1951 some regulation by reservoirs and p(m(-rplnnts above station; some regulation by New

Flow regulated by powerplants, by Burton Reservoir (completed 1920) and by Mathis Reservoir (completed 1914) (combined usable

Weather Bureau; discharge and relation
Prior to December 1951 some rozulatmn by Burton and Mathis Reservoirs and powerplants above station; from December 1951 flow
Savannah Bluff Lock

Stevens Creek powerplant, and New Savannah Bluff Lock and Dam

Gaging station Mean annual flood! Flood of 50-year
recurrence interval'
Dlselnrge Stage
—— s (ft. Discharge Stage
C.f.s. C.f.s.m. — s ()
C.f.s.m.
Chattooga River near Clayton, Ga. 7,600 36.7 6.1 22,600 109 11.8
Chattooga River near Tallulah Falls, Ga. 11,000 43.0 10.7 32,700 128 e
Panther Creek near Toccoa, Ga. 3,450 106 8.3 10,200 314 14.7
Tugaloo River near Madison, S. C. : . =5 £ e
Tugaloo River near Hartwell, Ga. 18,200 20.0 8.8 54,100 59.5
Whitewater River at Jocassee, S. C. 3,170 67.0 6.5 3
Keowee River near Jocassee, S. C. 9,530 64.4 9.8 .
Keowee River near Newry, S. C. 18,600 40.9 20.2
Seneca River near Anderson, S. C. 23,500 22.9 13.3
Savannah River near lva, 8. C. 45,100 20.2 11.5 e
Rocky River near Calhoun Falls, S. (. 5,620 21.0 7.9 T
South Beaverdam Creek at l)c-uy Rose, Ga. 1,290 36.0 9.9 3,830 107
(continued)

el o




TABLE 3.1—Continued

Gaging station Mean annual flood' Flood of 50-year
— — recurrence interval'

Discharge Stage

—_— () Discharge Stage
C. C.f.s.m. e rtemee (ft.)
C.fs. C.f.s.m.
Savannah River near Calhoun Falls, S. C. 46,500 16.2 7.6 135, 000 450
North Fork Broad River near Carnesville, Ga. 3,300 1.1 6.9 9,800 82,4
Broad River near Carlton, Ga. 14,600 19.2 13.0 43,400 57.0 28.5
Broad River near Bell, Ga. 25,200 17.6 23 .4 74,800 §52.3 342
Little River near Mount Carmel, S. C. 5,200 24.0 17.6 4
Little River near Washington, Ga. 6,800 23 4 21.7 20,200 69 4
Little River near Lincolnton, Ga. 9,200 16.2 19.5 27,600 48.1 .
Savannah River near Clark Hill, 8. C. o 2
Stevens Creek near Modoc, S. C. 13,100 24.0 26.6 :
Savannah River at Augusta, Ga.2 104,000 13.9 24 8 310,000 41.3
Savannah River at Burtons Ferry Bridge
near Millhaven, Ga.2 71,200 8.2 22.1 211,000 244 -
Brier Creek at Millhaven, Ga. 4,370 6.8 11.1 13,000 20.1 14.8
6.9 19.5 202,000 20.5 o

Savannah River near Clyo, Ga2 68,400

NOTES: ! Based on regional analyses for the period 1892 to 1949. .
2 Based on records obtained prior to completion of Clark Hill Reservoir.

Minimum discharges at gaging stations in Savannah basin

Gaging station Period Minimu

monthly discharge Minimum 7-day discharge

Minimum daily discharge
Median Lowest Second lowest Median Second lowest Lowest
annual annual annual annual
Cs. Chsm. fo.m. sm. Cfs CLsm. Cfs. Cfsm. Cfs. Clsm.  Cfs. Clsm

Clayton, Gal 1937-55 240 1.16 163 0787 99 0478 177 0.855 127 0 614 %0 0 435 169 0.816 122 0580 RN 0.425
Panther (reek near

Toccoa, Gal? 1937-55 31 0954 16 0492 15 0462 25 0769 13 0.400 12 0369 24 0.738 12 0.369 10 0.30%
Tugaloo River near

Hartwell, Ga.! 1937-56 1,018 1.12 758 0834 420 0.462 730 0803 483 0.531 314 0.345 364 0400 189 0208 188 0.207

Do 14937-55 98 (.878 536 0590 337 0301 B

Keowee River near

Newry, 8. (! 1937-55 412 0.9%05 202 0444 188 0413 - 274 0602 156 0.343 152 0334
Seneca River near

Anderson, 8. C. 1937-55 78T 0.767 494 0.481 308 0300 650 0 633 393 0.383 258 0.251 599 0 584 326 0318 215 0210
Savannah River near

Iva, 8.C} 1937-55 2,027 0 900 1,45 0653 886 0397 1,700 0.762 1,200 0.538 718 0.322 1,120 0502 673 0302 50 0242

Do 1937-55 1,816 0814 1,234 0553 803 0360

South Beaverdam Creek

near Dewey Rose,

Galt 1037-55 160 447 80 0223 2.1 0.058 120335 54 0151 1.4 00391 1 0 307 47 0131 10 00279

Savannah River near
Calhoun Falls, 8. C. 1937-556 2,304 0801 1,655 0575 a8 0340 1,983 0690 1,354 0471 808 0281 1,320 0 450 N5 0 204 636 022

Do 1937-55 2,013 0700 1478 054 895 0311
Broad River near
Bell, Ga. 1937-55 562 0.738 239 0314 148 0194 43 0.581 157 0206 19 0156 410 0 53 143 (URELY 110 0144
Little River near -
Mt. Carmel, 5. C1 1937-55 46 0212 18 0 0829 4.5 00207 28 0.129 10 0 0461 1.2 0.0055 A4 01 96 00442 10006
Little River near
Lincolnton, Ga.! 1937-55 46 0.0801 1 ome 2.1 00037 280 (488 36 00063 1.7 00030 21 00366 1.8 00031 1.7 00030
Savannah River near
Clarks Hill, 8. C. 1940-51 3,707 0603 2471 (402 2,28¢ 0371 1,80 0306 1.3%0 0226 1,120 0182
Dot 1037-55 3,217 0.523 1,392 0226 1,160 0.180
Stevens Creek near

Modoe, 8. .} 1937-55 1400257 10 0008
Savannah River at
Augusta, Ga.
Dos
Savannah River at
Burtons Ferry near

0

-

00062 0 0

0
0493 2682 0357 2,325 0310 2,89 0381 2,000 0278 2,050 0273 2,35% 0313 1,300 085 1.340 017
0601 4,084 0544 3,332 0444 r 3,880 0517 3410 04 2,280 0 304

Millhaven, Ga. 1937-51 4,574 0529 3,573 0413 2,98 0345 3,520 0.407 2,571 0.207 2,489 0288 3,120 0361 2,240 0250 212 0 245
Do 1052-57 5,388 0623 4,500 0531 4074 047 4,850 0561 4,770 053 3.060 035

Brier Creek at
Millhaven, Ga. 1937-55 236 0 365 153 0237 9% 0147 69 0262 g 0183 64 00091 150 0232 e o170 4 o 09e

Savannah River near
1937-51 5,007 0508 4207 0427 3431 0348 4,064 0413 3,127 0317 2,97 0304 3600 0375 2860 0200 2,880 087
1952-57 5,873 0.596 5824 0501 4,500 0457 5445 055 5310 0330 3610 0366

NOTES: | Record not complete for entire period; minimum-flow data taken from estimates by Thomson, Herrick, and Brown (1956) or from cor-
relative estimates based on records for nearby stations.
1 Adjusted for diversion by eity of Toccoa, Ga.
3 Adjusted for change in contents of Burton and Mathis Reservoirs.
« Adjusted for change in contents of Clark Hill Reservoir; record not completed for entire period; minimum flow data 1937-39 taken
from correlative estimate based on records for nearby stations.
s Flow regulated by Clark Hill Reservoir sinee 1952 discharge not adjusted for change in contents of reservoir.

(continued)




TABLE 3.1—Continued

Basin 2 Average and extreme discharges at gaging stations in Ogeechee basin
Gaging station Drainage Gage Period of record Average daily Period of Maximum stage
ares datum (water years) known and discharge
(>q. mi.) (fL. above Clw Inch  Number Cl®&  Stage Date floods
msl) of e (water Date Stage  Discharge
yenrs years) o) (efm)
Ogeechee River near Lowsville, Ga. SO0 199 24 193749 NGN 1473 12 NG 22 Jun., 1945 1840-1961 107/ /29 21.3 46,000
Ogeechee River at Scarboro, Ga. 1,40 11181 1937-58 1,58 L | 120 09 Sep, 195  I1M01961 100 20 17 "
Do. 193761 K17 40 12.8 24,600
Ogeechee River near Eden, Ga 2,650 19 64 1937-58 2,100 1076 2 13 0 Sep., 1954 0 29 20 ¥
do. 4 /36 15.2 30,000
Sep.,
Canoochee River near Claxton, Ga, 555 805 193758 412 wos 21 0% 12 Oct, 1954 1935-61 4 24 13.9 2,100
* Not determined.
Flood characteristics of streams at gaging stations in Ogeechee basin
Mean annual flood* Flood of 50-year
Gaging station —_— - ot recurrence interval*
Discharge Stage —_— - -
SRS Ly e L () Discharge Stage
C.f.s. C.f.s.m. " = (f.
Crs. C.hsm.
Ogeechee River near Louisville, Ga. 11,000 13.8 15.8 32,800 41 .0
| Ogeechee River at Scarboro, Ga. 14,600 7.5 11.0 2.3
| Ogeechee River near Eden, Ga. 15,200 5.7 12.3 44,800 16.9
| Canoochee River near Claxton, (ia. 5,620 10.1 13.2 16,600 29.9
* Based on regional analysis for the period 1892 to 1949,
| Minimum discharges at gaging stations in Ogeechee basin
Gaging station Period Minimum rmonthly discharge Minimum 7-day discharge Minimum daily discharge
" Median Second lowest Lowest Median Second lowest Lowest Median Second lowest Lowest
annual annual annunl annual annual annual

Cfs. Cfsm Chs.  Clsm Cls. Cfsm. Chs. Clam, Cls. Clam Cls. Cfam Cfs Clam Cfs Clam (s Clam

Ogeechee River near

Louisville, Ga.* 1937-55 190 0.238 120 0,150 66 0.0825 126 0 158 w0 0112 56 00700 114 0142 NG 0108 55 0 (ss
Ogeechee River at
Scarboro, Ga. 1937-55 384 ER 07 0138 143 00737 296 0153 NG 00659 121 00624 250 012 1 (LN rat? S . 1) 0619
3 Ogeechee River near
1 Eden, Ga. 1937-55 476 0.180 0135 191 00721 362 0137 264 0 0996 138 0 0521 352 0133 230 0868 131 0 (494
i Canoochee River near
1] Claxton, Ga. 1937-55 126 00227 385 00068 1.2 00022 4.5 00081 1.5 00027 U860 0015 13 0050 13 03 086 0 15

* Record not completed for entire period: minimum flow data taken from estimates by Thomson, Herrick and Brown (1956).

Basin 3 Average and extreme discharge at gaging stations in Altamaha basin
Gaging station Dreainage Gage Period of record Average discharge Minimum daily discharge Period of Maximum stage
. datu (water vears) known and discharge
(sq. mi.) (fi. above Chs. Inch Number (s Stage Date floods
m.xl.) of [(n) (water Date  Stage Discharge
years years) f (e.ln)
South River near McDonough, Ga ! 456 564 09 193958 559 16 64 19 M 2.1 Oct., 1954 1940-61 1/ 746 247
Do. 1940-61 22061 254
Sep.,
Wildeat Creek near Lawrenceville, Ga. 159 a70 1953-58 1.25 10 67 5 oo 07 Oct., 1954 1954-61 5 656 8.2 NO06
Pew Creek near Lawrenceville, Ga. 2.3 930 1953-58 24 14 80 5 16 0.2 ’l":.. 1954 1954-61
Shetley Creek near Noreross, 0 9% K90 1953-58 57 13 26 5 001 05 Sep, 1954 1954-61
Yellow River near Snellville, ( 134 S0 194258 160 16 21 16 16 04 Oct., 1954 194361
Garner Creek near Snellville, 55 830 1953-58 5 61 13 75 5 057 04 Oet., 1954 195461
Yellow River near (‘ovington, Ga? s 16 99 1RO8, 18991901, 436 15 65 14 10 05 Oct., 1954 1936-61
194458
Do 1945-61 g
Aleovy River below Covington, (ia. 44 600 TO28-31, 194449 as1 2119 8 43 0.7 Sep., 1931  1897-1961 12,400
Ocmulgee River near Jackson, Ga. 1,420 419 29 1906-10 2,065 19 74 4 190661 69,000
Do? 1,420 419 29 1,661 15 88 2 48 28 Nov , 1910
Towaliga River near Forsyth, Ga.? 315 410 413 17 80 7 33 Sep., 15 192061
Do. 194561
Oemulgee River at Macon, Gad 2,240 269 80 1893-1911, 192858 2,633 15 95 48 125 20 Oct., 1954 18931961
Tobesofkee Creek near Macon, Gia. 182 300 98 1037.58 187 13 04 2 25 21 Oct., 1954 1938.61 a9.830
193743
Feheconnee Creek near Macon, Gia 147 134 12 38 6 40 0.2 Oct., 1938 195161 15,000
Big Indian Creek at Perry, Gia 108 270 30 bR} O 85 15 15 (LN} Sep., 1956 104461 3,000
feontinued)




Gaging station

Ocmulgee River at Hawkinsville, Ga3 3,800
Ocmulgee River at Lumber City, Ga3 5,180
Little Ocmulgee River at Towns, Ga. 329
Do.
Oconee River at Athens, Ga. 23
Allen Creek at Talmo, Ga. 173
Middle Oconee River near Athens, Ga? 308
Do.
Oconee River near Greensboro, Ga? 1,080
Apalachee River near Bostwick, Ga.1® 176
Apalachee River near Buckhead, Ga? 436
o
Murder Creek near Monticello, Ga. 24
Oconee River at Milledgeville, Ga. 2,950
Jo 2 2,950
Oconee River at Dublin, Ga? 4.400
Roeky Creek near Dudley, Ga. 62.9
Oconee River near Mt. Vernon, Ga.1? 5,110
Do
Ohoopee River near Reidsville, Ga. 1,110

Altamaha River at Doctortown, Ga. 13,600

TABLE 3.1—Continued

Period of record Average daily
(water years)
C.ls. Inch Number (.fs.  Stage Date
of )
years
1044-58 3,802 13 90 14 280 Oct., 1931
1936-58 5,219 13.%4 2 SO 9
193746 265 1093 9 22 2.0
1928-31, 194449 438 21.01 8 42
1951-58 19.9 15.61 7 20 06
1901-02, 1929-31, 469 16 00 24 26 04
1937-58
1903-32, 1936-58 1,422 17.71 51 59 1 Oct., 1954
194449 279 21.51 5 38 1.4 Oct., 1947
1901-08, 1937-58 563 17.52 28 16 0.3 Oct., 1954
Sept.,
1951-58 247 13.97 7 081 02 Oct., 1954
Aug.,
3,442 15.84 49 a0 Sep., 1925
152,403 11.05 6 490 Apr., 1955
5,070 15.64 61 350 0.5  Sep., 1951
56.2 12.12 6 037 08  Oct., 1954
4,977 13.22 18 470 1.1 Oect., 1954
1903-07, 1937-58% 908 11.10 25 19 0.7 Sep., 1954
Oct.,
1931-58 12,620 12 60 2 1,430 3.6 Nov., 1954

Period of
known
foods
(water
years)

1541-1961

1952-61

1886-1952
1952-61
1894-1961
1952-61
1930-61
1938-61
1904-61

1800-196 1

Max

imum stage

and discharge

Date

[ e

o i

=

1

- e 1o

21,25

21,25
25
2741
5/29
2161
2502

30 48
2608
6 46
2508
2948

Stage Discharge
) (el

365 79,000

16263 95,400
20 4 15
16.0 7,480
23.0 4,000
12.6 3,320
25.5 19,600
196 14,200
354 66,800
59 5,500

7.5 25,900
2.8 23,500

NOTES: ! Figures of discharge include flow diverted from Chattahoochee River (averaging about
municipal supply of Atlanta and DeKalb County.
2 Some regulation and diurnal fluctuation caused by small powerplant above station.
3 Flow regulation by Lloyd Shoals Reservoir since November 1910 (usable capacity, 77,000 acre-ft).
4 Figures of discharge unadjusted for change in contents of Llovd Shoals Reservoir.
5 Maximum discharge for period 1906-15, 1939-58,
¢ Minimum daily discharge caused by closure of Lloyd Shoals Dam
7 Flow regulated by High Falls Reserv

ir (pondage) since 19
$ Maximum known daily discharge, 15,900 ¢.f.s. March 15, 1¢
% Some regulation and diurnal fluctuation at low flow by r

10 Diurnal fluctuation by small powerplant at High Shoals.
1L At present site, datum unknown.

12 Flow regulated by
1% Average flow, 1953-7
 Affected by failure of dam.
5 Not determined.

18 Maximum stage occurred at different time than did maximum discharge.

12 e.fs in 1950

clair Reservoir since November 1952 (usable capacity, 214,000 acre-ft).
58, unadjusted for change in contents of Sinclair Reservoir, adjusted figure is 2,466 ¢ {5,

Flood characteristics of streams at gaging stations in Altamaha basin

Gaging station

Mean annual flood*

South River near McDonough, Ga.
Yellow River near Snellville, Ga.
Yellow River near Covington, Ga.
Alcovy River below Covington, Ga.
Ocmulgee River near Jackson, Ga.
Towaliga River near Forsyth, Ga.
Ocmulgee River at Macon, Ga.
Tobesofkee ('reek near Macon, Ga.
Leheconnee Creek near Macon, Ga.
Isig Indian Creek at Perry, Ga.
Ocmulgee River at Hawkinsville, Ga.
Ocmulgee River at Lumber City, Ga.
Little Oemulgee River at Towns, Ga.
Oconee River at Athens, Ga.

Middle Oconee River near Athens, Ga.
Oconee River near Greensboro, Ga.
Apalachee River near Bostwick, Ga.
Apalachee River near Buckhead, Ga.
Oconee River at Milledgeville, Ga.
Oconee River at Dublin, Ga.

Oconee River near Mt. Vernon, Ga.
Ohoopee River near Reidsville, Ga.
Altamaha River at Doctortown, Ga.

Discharge
C.f.s. C.f.s.m.
15,100 33.1
3,280 24.5
7,820 20.7
4,420 18.1
29,300 20.6
6,660 21.1
36,500 16.3
4,320 23.7
1,400 13.0
33,200 8.7
34,300 6.6
3,850 1
5,150 18.2
7,000 17.6
17,200 15.8
4,980 28.3
12,400 28.4
43,500 14.7
42,000 9.5
39,600 1
8,900 8.0
76,000 5.6

* Based on regional analysis for the period 1892 to 1949,

Stage
(ft.)

19
11

16.
14
15.
15.

22

15.

B3
3

90 = = 00 30 —

B R N

5; figures of discharge unadjusted for change in contents.
9, determined by Corps of Engineers.
s and by Barnett-Shoals powerplant since 1911.

and 45 c.fs. in 1958) for

Flood of 50-year
recurrence interval®

11,700

3,780
89,600
92,600
10,400
13,900
18,900
46,400
13,400
33,500
117,000
113,000
107,000
26,400
226,000

Discharge

35.

o

31.
49.

39

25.
20.¢
2.
16.

1
NN L= DO

xS

6

31
31

13.3

(continued)
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TABLE 3.1—Continued
Minimum discharges at gaging stations in Altamaha basin

um 7-day discharge Minimum daily discharge

Gaging station Period Minimum monthly discharge

Median Second lowest Lowest Median Second lowest Lowest Median Second lowest Lowest
annual wnnual annual annual annual nnual
Chs Clom  Chs. Clsm. Chsm  Cfs. Clsm.  Cls. Cfs.  Cham Cham.  Cls Clsm.
South River near
MeDonough, Gal 187 0.410 87 0.191 67 0147 157 0.344 73 0160 58 0127 145 0.318 70 0153 5 0.118
Do 2 00636 26 00570
Yellow River near
Snellvill al 35 0.261 9.4 00701 3.9 0.0291 2 0.164 TN 0.0582 1.9 00142 19 0 142 3.5 00261 16 00119
Yellow River near
Covington, Ga.t3 110 0.291 M 0.143 18 00476 85 0.225 25 00661 12 00317 6 0201 16 00423 10 00264
Alcavy River below
Covington, Gal 70 0.287 35 0 143 12 0.0492 52 0.213 20 0 0820 7.6 0.0311 48 0.197 16 0.0656 70 0.0287
Ocmulgee River near
Jackson, Gat 585 0.412 369 0260 99 0.0697 522 0.367 343 0.242 75 00528 465 0327 308 0217 69 0 (486
Dot 431 0.304 104 0.0732 86 0.0606
Towaliga River near
Forsyth, Ga.l 3 44 0.140 6.1 0.0194 2.1 0.0067 25 0.0794 L7 00054 500 0.0016 22 ().0608 14 00044 033 00010
Ocmulgee River at
Maesn, Ga. 8§28 0370 491  0.219 165 00737 654 0292 439 96 139 00620 610 g2z 330 0147 128 0.0571
Dot 639 0.285 215 0.0960 111 0.0496 -
Tobesofkee Creek
near Macon, Ga. 34 0.187 1200659 5.5 00302 27 0.148 58 00319 28 00154 24 132 51 00260 22 0.0121
Fcheconnee Creek
near Macon, Ga.l  1937-55 17 0.116 48 00326 18 00122 12 0.0816 19 00129 70 0003 11 goms LT 00116 06 00041
Big Indian Creek
| at Perry, Ga.l 1937-55 40 0.370 28 0.259 28 0.259 33 0.306 2 0.204 20 0.185 31 0.287 21 0 104 17 0.157
| Ocmulgee River at
| Hawkinsville, Ga.! 1,572 0.414 0.218 47 0.118 1,080 0.284 760 0.200 420 0111 1,000 0 263 550 0145 420 0.111
¥ Dot 1,315 0.346 554 0.146 418 0.110
Ocmulgee River at
£ Lumber City, Ga. 1,937 0374 1,436 0297 K87 g7t L7700 0342 1357 0262 813 0157 1,7 G328 1,340 0259 AN 0156
Dot 1,732 0.344 1,160 0.224 RH% 0166
Little Ocmulgee River
at Towns, Gal 1937 55 11 0.0334 32 00097 4.6 00140 25 0.0076 0.95 00020 3N 0015 21 00064 087 0 0026
Oconee Ri
Athens, 120 0.424 a7 0.131 30 0.106 01 0.322 2% 0.0954 2 0.0777 82 0.290 23 0 0813 20 00707
Middle Ocon
near Athen 160 0.402 53 0.133 42 0.106 129 0.324 3N 0 0955 32 00804 106 0 266 33 0 0829 b- ] 00703
Oconee River ¢
Greensbors, Gat 437 0.401 138 0.127 87 0.0798 321 0.294 90 00826 65 00596 285 0.261 ke 00679 5 0 0541
Apalachee River near
Bostwick, Gal 1937-55 65 0.369 36 0.205 14 0.0795 5l 0.290 2 0.131 10 00568 4N 0.273 19 0108 94 00534
Apalachee River near
1 Buckhead, Ga. 1937 55 137 0314 72 0.165 26 0 0596 103 0.236 44 0.101 18 0.0413 9 0.222 36 16 00367
Oconee River at
Milledgeville, Ga. 193751 SsE0.209 438 0.148 401 0.136 663 0.225 0.100 251 0 0851 628 0213 231 27 00736
Do.8 1952-5: 651 0.221 507 0.172 344 0117 347 [TREEY 00763 146 0 0495 146 0.0495 {124 a0 00305
Oconee Rive
Dublin, G 0.292 33 0.167 0.153 469 0,107 367 0084 940 0214 0 (075 0.0795
Do.6 0.220 851 0.193 469 0107 405 00020 392 00801 582 0132 368 0 (836 0 0748
: Oconee River near
{ Mt. Vernon, Ga. 19377 1,485 0.2091 0.187 0.167 1,201 0235 658 0.129 T 0115 1,140 0.223 628 0123 H68 0111
{ Do 1952 0.118 5 476 0.0931 450 0 0881
Do.? 1937 1,453 0284 854 0 167 0.0540
Ohaopee River near
Reidsville, ¢ 1937 55 a1 0.0820 N 0.0432 21 0.0189 50 0 0450 31 00279 20 0 0180 45 0 0405 b 0.0252 19 00171
A Altamaha River
1 Doetortown, Ga. 193755 0.201 2,778 0.204 1,748 0.120 3,070 0.226 0.172 1459 0107 2,930 0215 0.165 1430 0105
NOTES: ' Record not complete for entire period; minimum flow data taken from estimates by Thomson, Herrick aud Brown (1956).
2 Adjusted for diversion from Chattahoochee River.
3 Some regulation and/or diurnal fluctuation of low flow due to powerplant.
4 Adjusted for change in contents of Lloyd Shoals Reservoir above station.
5 Flow regulated by High Falls Dam.
¢ Flow regulated by Sinclair Reservoir since 1952; discharge not adjusted for change in contents of reservoir.
7 Adjusted for change in contents of Sinclair Reservoir since 1952,
Basin 4 Average and extreme discharges at gaging stations in Satilla—St. Marys basins
Drainage  Gage Period of record Average discharge Minimum daily discharge Perlod of Masimum stage
ar m (water years) known and discharge
(sq. mi)  (fi. above Cls. Inch Number Cha  Stage Date floods
mosd) of o (water Date  Stage Discharge
years yoars) o )
Satilla Basin
Satifta fiver near Waycross, Ga. 1,200 Bh 43 1937-08 S66 u N 2 62 25 Nov, 1954 1862-1961 4 448 224 39,000
At times
Hurricane Creek near Alma, Ga. 150 136 44 1952-58 1 716 7 0 each year 195261 a2 94 4.4%
et ,
Little Satilla Hiver near Offerman, Ga. 646 50 00 1951-58 280 607 7 0 Nov, 1954 195161 9205 135 17,200
Satilla River at Atkinson, Ga, 2,7 1479 1930-58 1,032 [ -} 25 19 Nov, 1931 1621961 9 20 22 10,00
S1. Marys Basin
North Prong St. Marys River at L 192730, At times 1o 192134
Moniae, G 160* 8040 . 1951-58 133 1= 13 0 most vears 195061 G0N 167 6,060
South Prong St. Marys River at
Glen 8t Mary, Fla. 150 7713 1050-5% 931 LR & 8 0% 16 May, 1930 a 49 o 700
St. Marys River near Macclenny, Fla 720° 40 00 102758 635 1.9 2] 12 07 May, 1952 Y4 23 2100
* Part of watershed in Okefenokee Swamp. .
teontinued)




TABLE 3.1—Continued

Flood characteristics of streams at gaging stations in Satilla—St. Marys basins

Flood of 50-year
recurrence interval*

Gaging station Mean annual flood*

Di;;chnrue Stage _——
e e (re.) Discharge Stage
C.f.s. C.f.s.m. —_————— (fe.)
C.f.s.m.
Satilla Basin
Satilla River near Waycross, Ga. 8,200 6.83 16.4 31,700 26.4 21.6
Little Satilla River near Offerman, Ga. 5,500 8.51 102 21,300 33.0 =
Satilla River at Atkinson, Ga. 16,000 5.73 16.7 61,900 2.2 23.2
St. Marys Basin
North Prong St. Marys River at Moniac, Ga. 1,700 10.6 13.6 6,320 39.5 -
8,000 11.1 16.4 29,800 41.4 22.5

St. Marys River near Macclenny, Fla.

* Based on regional analysis for the period 1892 to 1949 in Georgia and 1927-53 in Florida.

Minimum discharges at gaging stations in Satilla— St. Marys basins

Gaging station Period

Minimum 7-day discharge

Minimum monthly discharge Minimum daily discharge
Median Second lowest Second lowest Lowest Median Second lowest Lowest
annual annual annual annual ann
Cfs. Clsm. Cls.  Clom. C.Ls. . Chs. Clsm. Cfs. Clsm. Cls.  Clfsm.  Cls. Clam.
Satilla Basin
Satilla River near
Waycross, Ga. 193755 36 00300 15 00125 7.5 0.0062 27  0:0225 » 00100 63 00052 22 0 0183 12 0 0100 62 0m52
Satilla at
Atkinson, Ga. 1937-55 122 0 0437 47 0.016% 25 0.0000 88  0.0315 37 0.0133 21 00075 N0 0 0287 36 00129 21 00075
St. Ma
St. Marys Riv
Macclenny, Fla. 33 0.0458 23 00310 21 00202 2 0.0361 17 0.0236 17 00236 25 0.0347 13 0 0222 16 0.0222
Basin 5 Average and extreme discharges at gaging stations in Suwannee basin
Gaging station Drainage Period of record Average discharge Minimum daily discharge Period of Mazimum stage
area m (water years) — —— known and discharge
(%q. mi.) (ft. above Chs Inch Number Chs Sllsf Date floods
moal) of . (water Date  Stage Discharge
years years) ) (edis)
21921-23, 1927-32, At times in
Suwannee River at Fargo, Ga. 11,260 91 % 1937-58 1,018 10 .97 25 0 . 1927-61 100 1.28 195 13, 800
Suwannee River at White Springs, Fla 1,990 L) 1906-09, 1927-58 1,660 11.32 33 48 1.8 1927-61 456 1948 36 6 25,500
July, Sep. to
Alapaha River near Alapaha, Ga 663 200 34 1937-58 477 977 22 0 Nov., 1954 1900-61 4 p- 3 180 16,000
Alapaha River at Statenville, Ga 1,400 76 77 1921, 1932-58 908 880 2 50 0N Nov., 1954 1862-1961 4 6 1My 20N 27,300
Little River near Adel, Ga 547 171 08 1940-58 473 1174 18 020 10  Oct, 1954 192861 4248 210 38800
1921, 1920-32, Nov,,
Withlacoochee River near Quitman, Ga. 1,45 84 30 1 X 1,214 1113 14 68 18 Dec., 1940 192861 4445 37 66, (00
Withlacoochee River near Pinetta, Fla. 2,220 7.2 1,445 8 84 27 73 6.3 Aug., 1955 1938-61 4 54 N6 79,400
Suwannee River at Ellaville, Fla 6,5 2.2 1927-58 6,071 12.53 31 SO0 1.7 July, 1955 1862-1961 47848 4009 a5, 30
June, July,
Suwannee River at Luraville, F 6,900 16 49 1927-37 135 1404 10 1,290 14 1935 18621955 4 48 535 3
Suwannee River at Branford, 7,09 4581 6,215 1190 a 1,530 24 July, 1955 1862-1961 411 48 341 83,900
New River near Lake Butler, Fla 212 53 50 98 5 6 31 8 0.2 05 June, 1955 1950-61 9 85 120 6,470
Santa Fe River at Worthington, Fla 630 271 104 870 26 06 68 June, 1955 1931-61 617 34 b ) 17,500
Do, 1931-61 1021 44 49 15,700
Apr, May 4,
Santa Fe River near High Springs, Fla. 950 26 36 1931-5% 734 10 49 27 31 04 1956 163161 31448 157 12,700
Santa Fe River near Ft. White, F 1,080 20 56 1928-30, 1932-58 1,545 19 41 28 617 05 May, 1957 1926-61 3144 3 12,300
1, 1926-61 41248 3
Suwannee River near Bell, Fla 9,260 3 60 1932-56 8,513 12 48 24 2,490 1o Jan 1956 ING2-1956 4 13 48 82,30
Suwannee River near Wileoy, Fla. 9,500 000 1931, 19042-58 9,887 1413 1% 8,210 1.6 Feh., 1957 I862-1961 41448 84,700
NOTES ! Part of watershed in Okefenokee Swamp.
? Gage heights only.
3 Not determined.
¢ Elevation above mean sea level
Flood characteristics of streams at gaging stations in Suwannee basin
Gaging station Mean annual flood* Flood of 50-year
e recurrence interval*
Discharge Stage - i ot -
—_— —— e (f.) Discharge Stage
C.f.s. C.fs.m. - ()
C.ls. C.hsm,
Suwannee River at Fargo, Ga. 5,000 4.0 13.9 19,400 15 4
Suwannee River at White Springs, Fla. N, 600 4.3 26.8 32,000 16.1
Alapaha River near Alapaha, Ga. 4,500 6.8 12.7 T 17,400 26.4 183
(continued)
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Gaging station

Alapaha River at Statenville, Ga.

Little River near Adel, Ga.

Withlacoochee River near Quitman, Ga.
Withlacoochee River near Pinetta, Fla.
Suwannee River at Ellaville, Fla.
Suwannee River at Branford, Fla.
Santa Fe River at Worthington, Fla.

Santa Fe River near High Springs, Fla.

Santa Fe River near Ft. White, Fla.

Suwannee River near Bell, Fla.

2

18, 500
16,700
7,

4,400
4,900
20,500

—
BO s b ED RO e O — e

WO~ = O W

Flood of 50-year

recurrence interval*

Discharge

C.A.s. C.f.s.m.

2.4 23,200 16.6
16.6 23,200 2.6
20.7 37,200 25.3
20.8 33,500 15.1
18.5 68,800 10.5
19.5 62,100 8.8
20.8 26,000 41.3
8.5 16,400 17.3
5.7 8,200 16.9
14.5 76,300 8.2

NOTES: ! Based on regional analysis for the period 1892 to 1949 in Georgia and 1927-53 in Florida.
? Affected by backwater from Suwannee River.

Minimum discharges at gaging stations in Suwannee basin

Median

Gaging station Period
Suwannee River at

Fargo, Ga. 1937-55 39
Suwannee River at

White Springs, Fla. 193755 72
Alapaha River near

Alapaha, Ga. 1937-55 7.3
Alapaha River at

Statenville, Ga. 1937-55 75
Little River near

Adel, Ga.* 1937-55 86
Withlacoochee River

near Quitman, Ga. 1937 55 25
Withlacoochee River

near Pinetta, Fla.  1937-55 155
Suwannee River at

Ellaville, Fla. 1937 55

0 0310
0.0362
0.0110
00536
00157
00169

00698

Second lowest
‘annual

0.61

098

71

Cham.
00010
0.0065
0.0009
00243
00018
0 0048

0 U396

Minimum monthly discharge

Minimum 7.day discharge

012

12

21
0.60

78

0.0001
00060
0

0.0150
00011
0.0037

0.0351

Medi

Minimum daily discharge

= Su =
e Cfs. Ctam. Cfs. Cfam Cfs Clam.
21 00167 0 0 0 0 18 0043 0 0
47 0.0236 10 00050 8.7 00044 44 00221 8.7 0 0044
1.3 00020 020 00003 [ 08 00012 010 00002
58 0044 23 0.0164 18 00128 53 0 2 00157
4 00094 53 00036 5.3 0 0036 13 00088 53 00036
131 00590 77 0.0347 77T 00347 125 00563 77 00347
1,486 0226 957 0145 893 0136 1.420 026 ™6 0144

* Record not complete for entire period; minimum flow data taken from estimates by Thomson, Herrick and Brown (1956).

Basin 6

Gaging station

Steinhatchee Basin
Steinhatchee River near Cross City, Fla.
Fenholloway Basin
Fenholloway River at Foley, Fla.
Feonfina Basin
Feonfina River near Perry, Fla.
Aucilla Basin
Aucilla River at Lamont, Fla,
Ochlockonee Basin
Ochlockonee River near Thomasville, Ga.
Tired Creek near Cairo, Ga.

Ochlockonee River near Havana, Fla

Little River near Quiney, Fla

Ochlockonee River near Bloxham, Fla.
)

Telogia Creek near Bristol, Fla
Y.

550

1,020
1,660

130

Drainage
a

Period

of record

(water years)

1950-58
104758
1050-58
1950-58

1937-5%
1943-58

1926-5%

1950-58
1926-54

1950-58

L 1955-58

Average daily

Chs Inch Number C.fs. Stage Date
of )
years

254 9 58 8 36 24 6 27,2850
! 63 66 101550
121 T4 5 24 19 T/ 855

At times in

222 443 8 0 1955, 1957
449 11 08 21 26 07 101738
61.3 1387 15 01 0 6:10/55
10 23-28,
934 1243 32 17 08 1154
196 1064 8 8.1 10 6 85
1,614 1320 28 2 36 1171/87
a1
165 17.23 ) P} L% 10,26 54

Period of
known
floods

(water

years)

1950-61
194661
1950-61
105061

193761
194361

192861
195061
18621956
18621961

1950-61
1950-61

Lowest

Cla Clam,

0 0

75 00038

0 0

17 0021
024 00004
17 0 0032
KE] 0.0329
890 0135

Average and extreme discharges at gaging stations in Ochlockonee basin and nearby coastal area

Murimum stage

and
Date

10 457
310 &

91757

b

—
-
T x

Sese
95232

discharge
Stage Discharge
(

n) (efs)
15 8 4.320
160 . 2,640
128 2,540
He 6,580
201
16 3
351
204
A5
¢ 55, 000
¢ 4,040
a4 4,30

NOTES: ! Since February 1, 1954, natural flow of stream affected by return of large amount of ground water pumped by cellulose plant upstream
? Maximum daily; caused by failure of Jackson Bluff dam
3 Caused by closure of dam (indeterminate prior to October 1954)

4 Not determined.

o Maximum daily discharge (estimated on basis of change in contents in Lake Talquin); caused by failure of earth embankment of Jack-
son Blufl Dam 3,000 ft. upstream

3-11
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TABLE 3.1—Continued
Flood characteristics of streams at gaging stations in Ochlockonee basin and nearby coastal area 1

Mean annual flood* Flood of 50-year
Gaging station st — — ¢ recurrence interval* :
Discharge —_— e e — 3
C.hs. Chsm.

l";!nhollOWl)’ Basin '

Fenholloway River at Foley, Fla. 950 53 45 |
Ochlockonee Basin {
Ochlockonee River near Thomasville, Ga. 5,800 10 5 16 0 b
Tired Creek near Cairo, Ga. 80 63 3 87 .
Ochlockonee River near Havana, Fla. 7.000 69 27.0
* Based on regional analyses for the period 1892 to 1949 in Goorgin andd 192755 10 Florida
A
Minimum discharges at gaging stati in Ochlock basin
Gaging station Petiod Mimimum monthl) dehas g Misimum | duy Sacharge Minimum daily discharge i o
Median Second lamest lowes Moo, Second lewrs lLowest Median Second lowest Lowest
annual amm—a annesl annual annual
Cha Clam ¢ Cla Clam (s Cham (s Clam Cla Clam Cls Clum Cls Clom  Cls Clum.
Ochlockonee River near
Thomasville, Ga. 193756 M 0 4 57 s 47 0w 1T $0 0T 39 000n 73 o033 35 00064 26 00047
Tired Creek near
Cairo, Ga.® 1937-55 10 0 167 29 o 13 omnr i 3 oy 03 600 41 006 11 00183 0.1 0.0m7
Ochlockonee River near
Havana, Fla. 193755 112 (et " 0 0982 2 o w2 “ o u 0 W2 17 0me7 60 005 29 0 0284 17 00167

* Record not complete for entire period. minimum flow data taken by Thomson, Herrick and Brown (1956)

Basin 7

Gaging station

(Chattahoochee River near Leaf, Ga'!

Soque River near Demorest, Ga.!
Chattahoochee River near Gainesville,

Chestatee River near Dahblonega, Ga.!

Do.
Chattahoochee River near Buford, Ga.
Do 3

Chattahoochee River near Noreross, G

Chattahoochee River near Roswell, €

Chattahoochee River at Atlanta,

Chattahoochee River at Oakdale,
Do.

Sweetwater Creek near Austell, Ga.
Chattah River near Whitesh
Yellowjacket Creek near LaGrange,

Average and extreme discharges at gaging stations in Apalachicola basin

Ga

g, Ga.

Chattahoochee River at West Point, Ga*

Mountain Creek near Hamilton, (
Chattahoochee River at Columbus,
Upatoi Creek at Fort Benning, Ga.
Uchee Creek near Fort Mitchell, Ala.
Barbour Creek near Eufaula, AlaM

a0

Chattahoochee River at Columbia, Ala?

(Chattahoochee River at Alaga, Ala10
Flint River near Griffin, Ga.!

Flint River near Molena, Ga.

Flint River near Woodbury, Ga.!
Potato Creek near Thomaston,

Flint River near Culloden, Ga.

Whitewater Creek near Butler, Ga.

Whitewater Creek below Rambulett
Creek near Butler, Ga.

Flint River at Montezuma, Ga.

Flint River at Oakfield, Ga.!?
Kinchafoonee Creek at Preston, Ga.
Do,

Flint River at Albany,

Flint River at Newton, Ga.'*

Iehawaynochaway (‘reek near
Milford, Ga 1

1al*

Drainage
ares datum
(sq. mi) (L above

moal)

150

156
550

153

1,060
1,060
1,170
1,230
1,450
1,600

1,000
186

1,850
80

a4

2,900

3,860
197

5,310
5,740

20

Gage

1,219 47

1,152 16
974 N

1,128 6

W5 20
905 20
NS 14
84450
75010
TIx 4

857 01
68546
601
551 67
550
185 14
189 66
200 7%
143 07
2.23
62 72
711 44
646 7%
649
600

334 54
365 85

365 85
255 83

193 20
377

150 03
10 20

150 3

Period of record
(water years)

190708, 1940-58
190400, (4929,
1940-52

190104, 193756

1929-32, 1940-58

190102, 1942-55
1956-5
1903-46, 1957-58

1937-5%

1904-06, 1913
193758
1439-54
1451-58
[RG6- 1958
1944-58
120-58

1938-58
1911-23, 192832
1937-58
194451
1952-58
1905-13, 193058

1930-58
1052-58

1902-21, 1930-58
193850, 1957-58

(508, [940-58

Average discharge

(r )

355
1.240

2,088
2,401
3416

293
3,740

A4

5,532

S

16 307

668

346

703
110,520

10,316

3404
4,957
180
6,226
7.6
75

3-12

ls-tn'l-:hw (7Y

years
C R 19 ]
s 7 I~
3013 20 208
2059 20 44
nx 4
119 3
PR 46
23 08 17
2.4 25
2005 s
16.15 2 21
20 90 15 468
15 20 7 52
21.15 62 22
173%™ 15 40
I 32 2 480
2023 5 115
14 39 S 64
10 22 5 6
1778 30 1,210
16 83 6 1,420
15 88 2 25
1% 60 7 51
18 87 20 86
15 8% 21 ™
1724 3 95
26 47 ) s
23 55 7 103
1615 36 585
1534 28 152
12 40 7 20

1588 48 327
16 83 " 840

a2 120

Minimum daily divcharge

Stage Late
o)
13 Oct, 1941
0ne Oct., 1931
12 Oct, 190
09 Oct., 1931
2 Oct., 1941
33 Sep., 1951
) | May 1958
05  Aug, 1925
1.2 Aug., 1957
17 Sep., 1957
5 Oct., 1897
7 Oct, 1954
1.0 Oct., 1941
07 Oct., 1954
16 Sep. 1023
14 a
05
54
08
2
25
1.3
1.2
50
4
2.1
10 Oct, 1931
1.7 June 1945
09 Sep, 195
Oct., 1041
05  Sep., 1956
June 1941
13 Sep., 1956
14 Aug., 1930
30 Oct, 1040
08 Sep., 1954
Periods

Period of
known
fAovds
(water
years)

15061
1870-1.61
1937-55

L
192161
18061961
192161
1896-1910

1916-61
192161
195161
18271061

1954-58
1827-1961

1827-1961
1929-61
1939-53
1900-27
193861

1913-61
1044.51

1952-61
1897-1961

Maximum stage
and discharge

Date  Stage Discharge
M) (eLw)

1746 136 WM,
21,000

61649 285
1 45,800

TR ww wewwwame——

= 8Ex

-
5=

97,000

2,000

90,000
n

1
1
4
s 6,000
L
3

2,00
o4 00

15,500
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TABLE 3.1—Continued

Gaging station Drainage Gage Period of record Average
area tum (water years) — -
(sq. mi.) (Mt above CLs
m.xl.)
Alligator Creek near Milford, Ga.2® " 167 16 1942-52 1.2
Chickasawatchee Creek at Elmodel, Ga. 320 1940-50 379
Ichawaynochaway Creck near Newton, Ga. 1,020 13 8 1921, 193747 1,187
326
Big Cypress Creek near Milford, Ga n 210 56 1942-50
Flint River at Bainbridge, Ga.!* 7,570 58 06 1908-14, 1929-58 N, 661
Long Branch near Damaseus, Ga 18 20 1945-50 2.9
Spring Creek near Iron City, Ga. 485 N5 T 1921, 1937-58 473
Apalachicola River at Chattahoochee, Fla. 17,100 45 58 22,050
Do® 15,482
Chipola River near Altha, Fla 71 19 95 1,501

NOTES:
! Diurnal fluctuation at low flow caused by mill dam above st
2 Affected by failure of dam.

3 Flow regulated by Lake Sidney Lanier (Buford Resel

since January 1956 (usable capacity, 1,686,000 acre-feet)
¢ Flow for 1956-58 unadjusted for change in contents of
Sidney Lanier (Buford Reservoir).

ation.

rvoir)

Lake

5 Diversion for municipal supply by DeKalb County about 6
miles upstream from station; monthly diversion equivalent to
33 e.fs. in 1958.

6 Considerable diurnal fluctuation caused by Morgan Falls hydro-
electric plant 9'y5 miles from station.

7 Maximum daily discharge.

$ At site gne mile upstream, same datum.

¥ At site ft. upstream, datum 3.00 ft. lower.

10 Flow regulated by Lake Sidney Lanier (Buford Reservoir) since
1956 and Bartletts Ferry Dam (Lake Harding, usable capacity,
136,000 acre-feet) since 1926

I Average flow, 1929-58, unadjusted for change in content of res-

ervoir.

12 Backwater from Chattahoochee River

13 From information by loeal resident.

4 Diurnal fluctuation at low flow caused by diversion of an
age of 1.5 ¢.f.s. for municipal supply for eity of Eufaula.

15 Diversion for municipal supply for city of Griffin; av
monthly diversion equivalent to 25 c.f.s. in 1958,

Gaging station

aver-

erage

Mean annual flood!

1
2

daily of Maximum stage
. known and discharge
Inches Number (.fs S‘I‘r Date —
of e (water Date Stage Discharge
years years) e (c.Ln)

10 56 9 0 most years  1942-52 374 44 n
Oet., 310 and

16 02 10 52 (LR Nov., 1943 1940-6) 4 448 19 3,630
June,

1574 10 205 05 Sep., 1941 1916-61 716 350 26,000

7 0 Many days

each year 1942-50 4 14 28 105

15 47 36 1,900 0z Dec., 1955 1893-1961 172425 409 101,000
Many days

17.24 4 0 each year 1945-50 4/ 148 46 w1
Oet.,

1323 2 91 10  Nov, 195 193861 4248 199 12,600
Ont.,

17.51 26 5,010 2.2 Nov,, 1954 192061 32029 34T 29300

12.28 4

:.‘6 09 23 356 54 Nov., 1955 192261 92026 336 25000

Some regulation at low flow caused by diversion for municipal
and industrial supplies at Thomaston, Ga

Flow regulated by powerplant at Warwick Reservoir (Crisp
County) since 1930 (capacity, about 35000 acre-feet); normal
operation of powerplant does not matenally affect figures of
monthly runoff.

Flow regulated by powerplant and Flint River Reservoir since
1921 (capacity, 7,500 acre-feet) and Warwick Reservoir: normal
operation of powerplants does not materially affect figures of
monthly runoff.

Moderate diurnal fluctuations at low flows.

Flow largely derived from springs; diurnal fluctuation of low flow
caused by water losses.

Not determined.

Drainage area includes Cypress Swamp, the area of which is in-
determinate.

Flow regulated by Jim Woodruff Reservoir since 1954 (usable
capacity, 37,000 acre-feet) and by Lake Sidney Lanier (Buford
Reservoir) and Bartletts Ferry Dam.

Average flow, 1929-54 and 1955-58, unadjusted for change in
contents of reservoir.

3 Maximum stage occurred at different time than did maximum
discharge.

9
L]

Flood characteristics of streams at gaging stations in Apalachicola basin

Flood of 50-year
recurrence interval!

Chattahoochee River near Leaf, Ga.
Soque River near Demorest, Ga.
Chattahoochee River near Gainesville, Ga.
(hestatee River near Dahlonega, Ga.
(hattahoochee River near Buford, Ga.
Chattahoochee River near Noreross, Ga.
Chattahoochee River near Roswell, Ga.
(Chattahoochee River at Atlanta, Ga.
(hattahoochee River at Oakdale, Ga.
Sweetwater Creek near Austell, Ga.
(hattahoochee River near Whitesburg, Ga.
Yellowjacket Creek near LaGrange, Ga.
Chattahoochee River at West Point, Ga.
Mountain Creek near Hamilton, Ga.
Chattahoochee River at Columbus, Ga.
Upatoi Creek at Fort Benning, Ga.
Uchee Creek near Fort Mitchell, Ala.
Barbour Creek near Fufaula, Ala,
(Chattahoochee River at Columbia, Ala.
Chattahoochee River at Alaga, Ala.
Flint River near Griffin, Ga.

Flir* River near Molena, Ga.

Flint River near Woodbury, Ga.

Potato Creek near Thomaston, Ga.
Flint River near Culloden, Ga.
Whitewater Creck near Butler, Ga.

Discharge

8,000
6,900
22 500
7,990
21,700
19,200
20,100
22 400
23,100
4,160
28,200
4,630
48,000
3,840
66,500
9,500
10,200
2,800
78, 500
77,500
6,300
18,200
20,000
3,960
32,200
409

3-13

sdade e

s ——— T
. Al
(e oo, MU,
C.Is C.f.s.m,

53.3 9.7 21,600 144 17.0
44.2 13.5 18,600 119 26.6
40.3 19.2 60,800 109

52.2 15.3 21,600 141 p
20.5 22.7 5%,600 56.3 35
16.4 16.7 51,800 43 26.8
16.3 15.0 43,400 35.3 21.3
15.4 17.1 48,400 33.4 25.6
14.4 19.0 49,900 31.2 27.0
16.9 12.2 11,200 45.4

11.6 16.7 60,900 25.1
25.4 1 8 12,500 687 g
13.5 19.8 104,000 29.3 263
62.2 77 10,000 15.2
147 33.2 144,000 LR
21.3 16.7 25,600

31.4 13.3 33,100

30.0 11.9 9,100

9.8 41 3 170,000

9.3 167,000

23.2 13.8 17,000 e

1IN 4 20.0 49,100 49 6

1.3 10.9 54,000 495

24.3 6.5 10,700 5.5

17.4 25.8 86,900 17.0 1.2
.1 1.1 1,100 13 8 6.1

(continued)




TABLE 3.1—Continued

Mean annual flood* Flood of 50-year
| Gaging station - — recurrence interval*
| Discharge Stage =
. (ft.) Discharge s(‘l‘!.')'
i SER Cfs.  Cfsm.
Flint River at Montezuma, Ga. 32,700 11.3 20.1 88,300 30.4 0.1
Flint River at Oakfield, Ga. 31,300 8.1 22.2 84,500 21.9
Flint River at Albany, Ga. 37,000 7.0 24.9 99,900 18.8
Flint River at Newton, Ga. 35,400 6.2 24.2 95,600 16.7
Ichawaynochaway Creek at Milford, Ga. 6,640 10.7 10.8 17,900 28.9
Chickasawhatchee Creek at Elmodel, Ga. 2,200 6.9 9.7 5,940 18.6
Ichawaynochaway Creek near Newton, Ga. 7,770 7.6 14.7 21,000 20.6
Flint River at Bainbridge, Ga2 36,300 4.8 - 98,000 12.9
Spring Creek near Iron City, Ga. 5,700 11.8 16.3 15,400 31.7 21
Apalachicola River at Chattahoochee, Fla. 90,000 5.3 3 333,000 19.5
NOTES: ! Based on regional analysis for the period 1929-51 in Alabama, 1927-53 in Florida, and 1892 to 1949 in Georgia.
2 Affected by backwater from Jim Woodruff Reservoir.

Minimum discharges at gaging stations in Apalachicola basin

Minimum daily discharge

Gaging station Period Minimum monthly discharge

Minimum 7-day discharge
" Median Second lowest Lowest " Second lowest Lowest
annual annual annual

CLs. Clom.  Chs Cl .t f.s.m. CLam

Chattahoochee River o
near Leaf, Ga.! 193755 142 0.M7 8 0573 84 0560 123 0820 81 0.540 76 0507 1 0N w050 2 04

Soque River near o
Demorest, Ga.i 1937-55 150 0 962 85 0545 7 0.500 120 0.769 79 0506 M 04T 9 0603 37 oW 06 0167

Chattahoochee River
near Gainesville, Ga. 193’
Chestatee River near
Dahlonega, Ga.!
Chattahoochee River
near Buford, Ga! 193755 ™ 0T 449 042 420 0396 WL G682 415 O KU U 358 661 O 624 4 0 360 0 30
Chattahoochee River
near Noreross, Gal
Chattahoochee River
near Roswell, Ga!

533 0953 2%  0.501 276 0.4%4 450 0503 204 0472 254 0 454 304 0705 242 0483 208 0 372

122 0.797 69 0451 66 0431 101 0660 61 0300 55 0359 97 0.635 60 0392 49 0320

M5 0722 446 0 381 410 0 350 ™ 0670 397 0330 370 0316 678 0579 382 032 320 0274

850 0691 41 0359 421 0.342 08 0576 401 0326 383 0.311 676 0 5% 3 0316 5(2\ 0 267

Do3 49 0365 2 412 0335 356 2N
Chattahoochee River
at Atlanta, Ga. 1937 55 972 0670 493 0340 432 0.28 752 0519 41 0304 392 0270 T4 0 492 422 o2 340 0234
Do3 1937-55 3 460 0317 421 0 2% 368 (G
Sweetwater Creek
near Austell, Ga 1937 55 66 () 268 16 0 0650 44 00179 47 019 13 00528 23 03 0 0163 12 g xS 21 0 oons
Chattahoochee River
near Whitesburg,
Gal 1937-55 1,320 0543 564  0.232 490 0202 956 0393 498 0205 40 0Nl 920 0379 468 0192 W 02
Yellow jacket Creek near
LaGrange, Ga! 1937 55 46 0253 14 00769 10 0.0549 27 048 1100604 58 00319 23 012 RS 0 (48 52 0026
Chattahoochee River at
West Point, Ga. 1937-55 1,737 0 489 651 0183 510 0 144 1,236 0348 560 0 160 432 o012 1,200 0338 52 0150 364 0103
Mountain Creek near
Hamilton, Ga.! 1937-55 20 0.324 83 0135 66 0107 170276 66 0107 57 0.004 16 0259 63 0102 55 008
Chattahoochee River at
Columbus, Ga. 1937 55 2,2 0.472 938 0.201 701 0150 1811 0 388 872 0.187 640 0137 1,340 0 287 840 010 [y 01
Dot 193755 2,138 0458 587 0125 551 0118
Upator Creek at
Fort Benning, Ga ! 1937-55 190 0425 68 0152 36 0.0805 129 0259 3T 008 20 00447 1ns 0257 33 007 17 0 038
Uchee Creek near
Fort Mitchell, Ga. 1953- 58 15 0 (452 10 00311 96 00205 12 00363 02 00283 7.7 002 64 00w 64 0097 64 0 0197
Barbour Creek near
Fufaula, Ala. 1953 58 7700826 5.2 0.0562 45 0 0484 36 0 0386 29 0mn 14 00150 23 0 047 1.7 00182 6 00064

Chattahoochee River at

Columbna, Ala 0448 1943 0242 1371 0171 3,166 (304 1,657 0206 1,200 0161 2930 o364 1630 028 1210 0 1%

Dot 14 0428 1617 0201 1210 0150
Chattahoochee River
at Alaga, Ala! 1937-55 0450 2000 0240 1400 0168 3300 g0 L7000 24 1,300 0156 3000 o360 1420 00 12 o144
Dot 1937 55 0424 1615 019 1,213 0.145
Flint River near =
Griffin, Ga 1937 55 69 220 0800 6.0 002 10 0147 16 00588 32 0011814 B 01 13 0478 25 0 o
Do b 1937-55 72 24 00882 100 0367 70 002577 65 0020
Flint River near
Maolena, Ga ! 1937 55 266 0 260 68 00687 42 0N 1% 0152 46 0 465 38 0 0384 130 013 I8 00N 37 0 M
Potato Creek near N
Thomaston, Ga.t 1937 55 3020 4 00753 26 00140 24 0120 41 00220 18 00097 IS0 0mes 8 ams AT O oo
Flint River near
Culloden, Ga 1937-55 583 0 315 166 00897 108 0 0584 ¥ 0182 17 00632 @ 0055 308 0166 a0 0A%0 a7 00
Whitewater Creek
near Butler, Ga ! 1937 55 120 1 50 1001250 9% 20 10 137 o120 o 1138 10 137 e 1% w0 12
Flint River at
Montezuma, Ga 1937-55 1341 0 462 s 007 6390 20 1087 0375 665 020 s 023 00 oms 60 0x7 55 0o
Flint River at
Oakfield, Ga® 193755 1604 o 416 N4 024 858 a2 1324 03483 07 " 01 o 0 0933 165 0 M7 152 0 0394
Flint River at
Albany, Ga® 1W755 2044 385 1340 028 LITS o 1,741 0328 1076 0208 ;M5 0159 865 0161 58 0113 w? 0 870

(continued)




Gaging station wofs ix e
Second lowest Lowest Median Second lowest
annual annual annual
e Cfs  Clsm. Cfs, Clsm Cls. Clsm.
Flint River
Newton, 1937 556 2,650 0462 1,90 0331 1,700 0296 2,297 0400
Iehawaynochaway Creek
d 143755 300 0484 180 0.290 145 0.234 244 0.3%4
at Elmodel, Ga,! 1493755 3 00719 3.0 0.00% 1.2 0.0038 N
Ichawaynochaway Creek
near Newton, Ga! 1937-55 301 0.383 170 0167 120 0118 326 0320
Flint Riverat
Bainbridge, Ga.® 193755 3704 0489 2465 0326 0203 3447 0455
Spring Creek near
| Iron City, Ga. 193755 " 0132 200 00452 o027 63 0.130

0.534
0.534

3 Adjusted for divel

i Minmmum daily discharge

Basin 8

Gaging station Drainage

E Bear Creek Basin
& Econfina Creek near Bennett, Fla. 182
Do.

Choetawhatchee River Basin
West Fork Choctawhatchee River at

Blue Springs, Ala. M7
Do.
East Fork Choctawhatchee River near
Midland City, Ala. 297
Choctawhatchee River near Newton, Ala 683
Do.
Pea River near Ariton, Ala 492
Do
Pea River (at Pera) near Samson, Ala. 1,187
Do.
Choctawhatchee River at Caryville, Fla. 3,499
Holmes Creek at Vernon, Fla. 386
Choctawhatchee River near Bruce, Fla 4.3
Alaqua Creek Basin
Alaqua Creek near DeFumak Springs, Fla. 65 #
Yellow River Basin
Lightwood Knot Creek at Babbie, Ala. 113
Yellow River at Milligan, Fla. 624
Do.
Shoal River near Mossy Head, Fla. 123
Shoal River near Crestview, Fla. 474
Do.
Yellow River near Holt. Fla. 1,220
Do
Blackwater Busin
Blackwater River near Baker, Fla 205
Big Coldwater Creek near Milton, Fla 8
Fscambia Basin
Conecuh River near Troy, Ala 253
Conecuh River at Brantley, Ala 402
Do
Patsaliga Creek at Luverne, Ala 24
Conecuh River near Andalusa, Ala 1,344
Sepula River near MeKenzie, Ala 64
»o.
Pigeon Creek near Thad, Ala 206
Yo
Conecuh River near Brooklyn, Ala 2460
Yo.
Murder Creek near Evergreen, Ala 170
Do
Big Facambia Creek at Flamaton, Ala
Yo
Escambia River near Century, Fla 3.817
Pine Barren Creek near Barth, Fla wa
Perdido Basin
Perdido River at Barrineau Park, Fla. 394
o,
Siyx River near Loxley, Ala. 2

o

NOTES: ' Not determined

3 Elevation above mean sea level

Minimum monthly discharge

Record not complete for entire perio
2 Adjusted figure, based on change-in-contents data for Habersham Mills Reservoir.
sion for DeKalb County municipal supply.

Gage

area datum
(»q. wi.) (I above
m.sl)

1.03

280.24

179 1
38

246 72
a7 95

39 02
10.70
3%

19 65

45 00

105 59
T n

17 95
60 50
910

313 30

226 2
267 53

106 7
155 o6

minimum flow data

TABLE 3.1—Continued

0311 8587 0.520
0312

B ¢ Adjusted for change-in-contents of Bartletts Ferry Reservoir
5 Adjusted for diversion for munic’ at supply of Griffin, Ga
¢ Ninimum daily discharge affected by regulation at Warwick Dam

ted by regulation at Albany, Dam
8 Adjusted for change-in-contents of Jim Woodruff Reservorr.

V(au. Cham.
0.279
0221
00062
047
0.291
0.0309

0.312

Minimum 7.day discharge

Period of record Average
(water years) ——
C.hs.  Inches
1936-58 528 39 38
1944-53 M3 2.9

1922-25, 1718 19 66

1935-58

1929-58 528 20 50
1950-58 524 1843
1931-58 6,943 21 50
1951-58 135 2793
104453 720
193858 1,13 4 63
1951-58 INT 20 64
193858 1,034 20 61
1934-41 2208 M40
1950-58 46 1622
1939-58 51N 20 87
1944-53 355 19 06
193558 690 10
104458 36T 002
190420, 1930-52 a3 10w
193858 623 1NN
103858 425 19 51
143557 A6 W W
193858 25 218
193951 665 27 W7
1935-58 6,008 21 37
1053.58 13 2217
194158 B2 BN
105258 w un

* At former site 1 mile downstream, datum, 0 25 ft lower

3-15

Chs

307

P
61

63

752

234
1,480

b2

18
143

“
263

si2

39
159
L

he

20

daily

Date

Jan., 1956

July 1951
Sep.,

Oct, 1954
Sep.. 1954
Oct., 1954

Oct, 1935

Sep., 1957
July 1955
Oct., 1954

o=

036
087

LURCH

on
230

0 6s

Oet., 1954

June 1956
May 1955

Oct, 1934
Sep., 1954
June 1456

Aug., 1951
Sep.. 1954
Oct, 1954
Oet.,

Nov., 1M1
Sep., 1904
Aug , 1956

Sep. 19

Sep, 1954

Sep,
Oet., 1954
June 1956

Sep., 1954

June 1955

Lowest Mediun

annual
Mx Cham  Chs Clom.
1400 0244 1,600 0279
129 0.208 0358
0.94 00029 00531
1o 0.108 0309
2,150 023 3280 0433
93 0.me2 018
5,161 0302 5600 0.503

tken from estimates by Thomson, Herrick, and

Period of
known floods
(water years)

19044-52
1

1452-61
1

1922.27

1630-61
1

143961
1

192861
1950-61
192061

1051-61
1944-53
1

193861
195161
I

JLROWAT
1

193341

1as0-61
sl

1044-53
0
193861
1944-58
190552
'
13861
\
JERCE
3
10657
!
1861
1
1s-51

1020461
195261

194161
v

195261

r4
4~

o3 de 85

PO O

29
10

Minimum daily discharge
Second lowest
annual

Chsm.

IR
[IRELY

(LO056

0.137

0025

0302

Brown (1856)

Date

R 53

40

5
19

Lowest

Colaxm

0140
1%
0.002%
[IRUY
0.251
00188

0.293

Average and extreme discharges at gaging stations in Choctawhatchee and Escambia basins and nearby coastal area

Maximum stage and discharge

Stage Discharge
(efn)

1
4,860

4,820
1

15,700
1

2,000
|

22,000
i

30,000

206 000

10, %)

220 000

5,160
12,100
25,000

)

1
2,70
35,100

17,200
25,100

s o0
1

15,800
16,700

154, 000
'
2100
\
17,10
1
67,300
\

(00

1

414

HERLLY

55 24 w0
2 1 1

55 " RN
2 1

X 7T e

(eontinued )




TABLE 3.1—Continued

Flood characteristics of streams at gaging stations in Choctawhatchee and Escambia basins and nearby coastal area

Gaging station _

Mean annual flood!

Bear Creek Basin
Econfina Creek near Bennett, Fla.
Choctawhatchee River Basin
West Fork Choctawhatchee River at Blue
Springs, Ala.
East Fork Choctawhatchee River near
Midland City, Ala.
Choctawhatchee River near Newton, Ala.
Pea River near Ariton, Ala.
Pea River (at Pera) near Samson, Ala.
Choctawhatchee River at Caryville, Fla.
Choctawhatchee River near Bruce, Fla.
Yellow Basin
Lightwood Knot Creek at Babbie, Ala.
Yellow River at Milligan, Fla.
Shoal River near Crestview, Fla.
Blackwater Basin
Big Coldwater Creek near Milton, Fla.
Escambia Basin
Conecuh River near Troy, Ala.
Conecuh River at Brantley, Ala.
Patsaliga Creek at Luverne, Ala.
Conecuh River near Andalusia, Ala.
Sepulga River near McKenzie, Ala.
Pigeon Creek near Thad, Ala.
Conecuh River near Brooklyn, Ala.
Murder Creek near Evergreen, Ala.
Big Escambia Creek at Flomaton, Ala.
Escambia River near Century, Fla.
Perdido Basin
Perdido River at Barrineau Park, Fla.
Styx River near Loxley, Ala.

HDinelurle
C.1.5. C.f.s.m.
1,800 9.9
2,100 248
5,000 16.8
9,600 141
8,500 17.3
13,300 11.2
33,000 9.4
38,000 8.7
4,200 37.2
9,700 15.6
8,500 17.9
5,800 24.5
9,000 35.6
8,800 17.9
7,400 29.7
17,500 13.0
11,700 25.2
7,600 25.7
31,500 12.8
4,300 25.3
8,000 4.8
42,000 11.0
7,500 19.0
2,400 25.8

i
1

=
o

— o
w3
o

—

—
= Bee

—
=

* Based on regional analysis for the period 1929-51 in Alabama and 1927-53 in lj‘io;;d;.
Minimum discharges at gaging stations in Choctawhatchee and Escambia basins and nearby coastal area

Gaging station Period

Choctawhatchee Basin
West Fork Choctawhatchee
River at Blue

. Cfhs. Clem,

Springs, Ala. 1943-53 464 008 323
East Fork Choctawhatchee

River near Midland

City, Ala. 1952-56 548 018 436
Choetawhatchee River 1922-27

near Newton, Ala. 193556 28 0334 12
Pea River near

Ariton, Ala. 1938-56 566 0115 21.2
Pea River (at Pera) 190412

near Samson, Ala. 192225 328 0276 131

1935 56
Yellow Basin

Lightwood Knot Creek

at Babbie, Ala 194452 821 077 432

Fscambia Basin

Conecuh River near

Troy, Ala. 1944 53 8 00711 6 62
Conecuh River at

Brantley, Ala 193756 14 0211 435
Patsaliga River at

Luverne, Ala 1043 1 4 0173 108
Conecuh River near 190419

Andalusia, Ala. 1920-52 354 0.263 210
Sepulga River near

McKenzie, Ala. 193756 398 0088 6 66
Pigeon Creek near

Thad, Ala. 1937-5% 601 0203 182
Conecuh River near

Brooklyn, Ala 193556 560 0231 217
Murder Creek near

Evergreen, Ala. 1937 56 935 0550 5 3
Big Fscambia Creek

near Flomaton, Ala 193951 268 0 K30 220

Perdido Basin
Styx River near
Loxley, Als 195156 26 9 0 280

Minimum monthly discharge

Second lowest
annual

0381 264
0147 402
0164 951

Lowest

00431 136

0110 108

0 382 KON )

2 00262 637

00834 276

00434 6 62

0156 189

00144 an

0.0615 13 4

00882 200

0 206 4 7

0 651 208

027 ]

kit

et D0 1D et OO et et et

9.9

6.9

7.0
9.9

o
-

DOt = DO ED O0 — e D W
WIS WO ~ o w (=2 Q0 Q0 —

P

Minimum 7-day discharge

Flood of 50-year
recurrence interval'

|

Lowest

Chsm. Cls. Clsm

" Median Second loweat
annual annual
Cfu. Clam.  Ca Clom  Cohs
0312 357 0421 196 0231
0135 47 8% 0161 433 0146
0139 163 0 239 856 0125
0.0276 464003 151 00307
00910 255 0.215 149 0100
0 340 516 0457 204 0181
O 0252 T8 0 03m 24 0 0ms
0 061 807 0164 434 00082
0026 274 0110 104 0 MIs
0 141 m 0202 132 0 a2
GO T 0052 15 Dons
0453 456 015 KO 00076
00850 422 0196 A1 0 0080
0.275 83 0488 514 0302
0644 242 074 164 [T
0 260 % 0 a9 20 025
3-16

4

2.1

68 4

103

91

156

0 165

00946
0100
00209

00784

0 165

LURL
0 0494
0w
0 0937
0 0086
0 (400
O 0695
0234

04

0183

Discharge S
(e
C.Ls. C.f.s.m.
6,700 36.8
6,800 80.3 10
16,300 5.9 24
31,200 45.7 38
27,600 56.1 21
43,200 35.4 41
123,000 35.2 21.2
141,000 32.2 21.9
13,700 121 12
36,100 57.9
31,600 66.7 -
21,600 91.1 -
29,200 118 18
28,600 58.1 28
24,000 96.4 -
57,000 42 .4 42
38,000 81.9 27
24,700 83.4 30
100,000 40.7 40
14,000 82.4 15
30,000 92.9 18
156,000 40.9 3
27,900 70.6 21.7
129 19

" Median
annual

CAs Clam.

0331

00943
0 193
0 0650

0162

0 301

00202
0 148
00723
0124
00474
0118
0123
0420

0 669

0215

17 0 201
0 0 0909
7 0 104

10 0 0203

" 0 0623

25 0.221

21 00083
26 0 0528
56 00225
56 0 0417

47 o0mm

“ 0 0304

158 0 0642

L&) 0253
175 O M2
19 02

©
"

0142

0 0875
0 0843
0 0187

0 0531

0 159

0 0032
0 (467
0 0201
0 0350
00075
0 0264

0 0618

-




UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
SAVANNAH BASIN
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS

Note: Symbols (A ) denote gaging stations.

Numbers denote river miles to gaging

stations, river forks and state boundaries.
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
SATILLAST. MARYS BASINS

Note: Symbols (4 ) denote gaging stations.
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
OCHLOCKONEE BASIN
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UNITED STATES GEOLOGICAL
APALACHICOLA-CHATTAHOOCHEE-FLINT BASINS

SURVEY GAGING STATIONS
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NOTE: Symbols (4 ) denote gaging stations.
Numbers denote river miles to gaging
stations, river forks and state boundaries.

L. 0 Apolachicolo Bay

Figure 39




UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
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SECTION Il - FLOOD-PRODUCING STORMS

To aid in estimating flood potentialities from
ungaged drainage areas and from drainage areas
with short records, estimates of frequencies and
extreme values of rainfall are useful. Figure 3.12
shows the depth in inches of the 24-hour point
rainfall which would be equalled or exceeded
on the average once in 50 years. Figure $.13
shows the depth in inches of the I-hour point
rainfall which would be equalled or exceeded
on the average once in 10 years. These figures
are both adapted from Weather Bureau Techni-
cal Paper No. 40, Rainfall Frequency Atlas of
the United States.

Figure 3.14 introduces the concept of area in
rainfall extremes. The lower portion of this
figure gives the 100-year rainfall for a centrally
located point in the Southeast River Basins for
areas up to 500 square miles and for durations
of 1, 6, and 24 hours.

The upper part of Figure 3.14 gives values of
the probable maximum rainfall for areas up to
1,000 square miles and for durations of 6 to 48
hours for a centrally located point in the South-
east River Basins. The effect of area seems to be
greater for the probable maximum storm than
for storms of 100-year return period. The prob-
able maximum storm is storm-centered, but the
area-frequency relationship is not and, accord-
ingly, is less steep. The probable maximum
storm is four or five times as large as the 100-

Figure 3.12 50-Year, 24-Hour Rainfall, Inches.
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year storm for the same area and duration.

Figure 3.15, which is adapted from Weather
Bureau Hydrometeorological Report No. 33
on Probable Maximum Precipitation, shows
the regional distribution of probable maximum
24-hour rainfall in inches of depth over a
200-square mile area. This map is related to
the upper part of the diagram of Figure 3.14
in that the 30-inch line on the map corre-
sponds to the 24-hour 200-square mile point in
the diagram.

The probable maximum precipitation in win-
tertime is about two-thirds the maximum which
occurs in summer. Similarly, the rainfall for a
given duration and frequency has lower values
in winter than in summer, with the seasonal
contrast being more marked than for the prob-
able maximum.

Probable maximum precipitation is extra-
polated from great storms of record, which, in
addition to streamflow data, aid in determining
criteria for spillway design. Three great histori-
cal storms are noteworthy in describing the hy-
drology of the Southeast River Basins.

The March 1929 storm, in which 20 inches
fell over 2,000 square miles in 48 hours, is one
of the largest that ever occurred on the North
American continent. This storm centered in
southeast Alabama and could recur anywhere in
the Southeast River Basins.

Figure 3.13 10-Year, I-Hour Rainfall, Inches.
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Figure 3.14 Duration-Area Depth of Extreme Rainfall.

The September 1929 storm, centered in east-
ern Georgia, produced an average depth of 15
inches of rainfall in 48 hours over an area of
2,000 square miles. This storm was followed in
4 days by another nearly as great over the same
area.

Figure 3.15 Probable Maximum 2{-Hour Rainfall, Aver-
age Depth over 200 Square Miles, Inches.

These three storms are mentioned here to
give an indication of the storm potentiality in
the Southeast River Basins, both as to total mag-
nitude and as to possible sequence of large
storms. These storms caused severe flooding over
much of the Southeast River Basins.

SECTION Il - FLOODS

Rainfall-Runoff Relations

The physical production of floods may be
represented by a graphical procedure which is
used for forecasting and for estimating hypo-
thetical floods. An example of part of such a
procedure is given on Figure 3.16. Here the fac-
tors which determine the volume of runoff are
seen to be antecedent precipitation, time of year,
and storm rainfall. In this example, the ante-
cedent precipitation index is a measure of ante-
cedent rainfall, taking into account the dimin-
ishing effect of antecedent rainfall with in-
creased time between it and the storm rainfall.
The greater and more recent the antecedent rain-
fall, the wetter the soil and the greater the pro-
portion of runoff from a given rainstorm.

The effectiveness of antecedent rain is differ-
ent at different times of year. In late winter and
early spring, the soil stays wet much longer after
a rain than it does in summertime because of

slower evaporation and transpiration loss from
the soil. Accordingly, the same amount of rain
produces a greater runoff volume in late winter
than in summer.

The dashed lines on Figure 3.16 show the
use of this diagram for two hypothetical exam-
ples, one for July and one for late October,
each having the same antecedent precipitation
and the same storm rainfall. This type of rain-
fall-runoff relationship is used by the Weather
Buref for forecasting streamflow in the South-
east River Basins area. The degree to which
the choice of variables and the manner of com-
bining them accurately portrays flood runoff is
indicated by the fact that, with historical data,
the error is less than 0.15 inches runoff two-

thirds of the time.
After the volume of runoff has been estimated,

it is distributed on a time scale by means of an
empirically defined or synthetic unit hydrograph
to produce the runoff hydrograph.
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Figure 3.16 Rainfall-Runoff Relationship.

After the runoff hydrograph has been esti-
mated from rainfall for headwater areas, the
flow is routed and combined with tributary flow
for estimating floods downstream.

Flood Volumes

Flood magnitudes are usually expressed in
terms of peak rates of flow as exemplified in
parts of Table 3.1. Later in this Section, gen-
eralized information on flood peak magnitudes
will be presented and discussed. In planning for
structures to store floodwater, it is necessary
to estimate not only peak rates of flow but also
the volume of floodwater that must be stored
to be released at various rates of outflow,

The central problem in estimating flood vol-
umes for broad regional planning is that of
generalizing for ungaged areas. The generaliza-
tion should account for the effects of pertinent
physical parameters and should be expressed in
terms of frequency and duration. Several ap-
proaches are available and have been used in
various expedient manners for planning.

One approach is through such relationships
as given on Figure 3.16. These relationships are

available only for drainage areas of about 500
square miles or more. On these areas, the exist-
ing combined effects of vegetation, soil, and geol-
ogy have been expressed in the form of graphs
such as Figure 3.16. The effects are empirically
defined and verified as relatively permanent
characteristics of a large drainage area. In the
eastern United States, on areas of 500 square
miles or more, net changes in land and water
use have had too little influence on the rainfall-
runoff characteristics to be evidenced in the gra-
phical model. Figure 3.17 shows a simplified
expression of average runoff from 100-year, 24-
hour rainfall, average antecedent rainfall, and
carly spring runoff season, for generalized 1,000-
square mile drainage areas. This figure does not
include the relatively small base-flow component
of total flood flow. For smaller areas and longer-
duration storms, the values given in Figure 3.17
would be larger than they are.

A second approach, previously used for drain-
age arcas up to about 15 square miles in the
Southeast River Basins, is the U. S. Soil Conser-
vation Service curve-number method, in which
emphasis is given to agricultural knowledge in
assessing the effects of different soils, land use,




and vegetative cover on the rainfall-runoff rela-
tionship. In practice, the U. S. Soil Conservation
Service flood prevention dams in this region
store about 5 inches average depth of runoff
from the drainage area.

A third approach is interpolation among
sparse data already available for nearby sites
where it is believed that the physical conditions
of the soil, vegetation, and geology are con-
sistent.

A fourth approach, commonly used by the
Corps of Engineers, uses an estimated infiltration
index determined by the difference between ob-
served rainfall and runoff for prototype drain-
age areas.

Ideally, available gaging station data could
be analyzed statistically on a duration-frequency-
volume basis to provide a wider base for such
interpolation than is now available. Having this,
a systematic analysis of the physical factors would
provide for objective estimates for ungaged areas
where measures of the pertinent physical factors
can readily be incorporated. This would be a
tremendous job.

For flood volumes the important influence of
duration multiplies the magnitude of the job
in requiring a search of the record for maximum
10-day, 30-day, and other durations of runoff for
each year. By contrast, the analysis and generali-
zation of flood-peak data involves, usually, al-
ready published values of annual flood peaks.
The Corps of Engineers has made a helpful
start in analyzing flood volume data from 108
gaging stations throughout the United States,
of which 3 are in the Southeast River Basins
and 6 more in adjoining areas. To complete
this job, data from many more stations should
be analyzed statistically and then generalized
in terms of regional and physical parameters for
use with ungaged sites. The U. S. Geological
Survey has compiled and is beginning to gen-
eralize large amounts of observed flood-volume
data.

In the absence of a regional generalization, it
has been necessary to use combinations of the
approaches cited above.

Flood Peak Magnitudes

The great rainstorm and flood of March 1929
in southeastern Alabama are exemplified for
the Choctawhatchee basin above Caryville, Flor-
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Figure 3.17 Generalized Runoff Volumes from 100-Year,
24-Hour Rainfall, Average Depth in Inches.

ida, in Figure 3.18. Both the rain and the
flood resulting from it are shown in total inches
and inches per day, average depth over the drain-
age area. The runoff is given also in cubic feet
per second. The runoff values were estimated by
rating curve extensions. This was an outstanding
flood and shows a typical relationship between
a flood-producing storm and the resulting run-
off, in this case with a $-day lag between the
rain peak and the flood peak and a spreading
out of the runoff over a period of about 10 days.

This flood of March 1929 is identified as the
greatest flood of record in the upper left diagram
of Figure 3.19, which shows for four selected
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Figure 3.18 Rainstorm and Flood of March 1929
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streamflow stations, the magnitude and calendar
month of each annual flood of record—the an-
nual flood being the greatest peak flow for each
water year. The maximum flood for each month
is identified by year of occurrence. This figure
and others which have been prepared, but not
published, show that, while floods can and do
occur at any time of year, they, like average
monthly flows, tend to be concentrated in the
winter and early spring.

Figure 3.20 shows the relationship between

10,000

the peak flow of outstanding floods of record
in and near the Southeast River Basins, and
their respective drainage areas. The Choctawhat-
chee River at Caryville, whose record flood of
March 1929 has been cited earlier, is identified
as Point No. 15 in this figure. Table 3.2 lists
the number, station, and date of floods shown
on Figure 3.20. The Myers and Creager Lines
were used for generalized spillway criteria which
are discussed more fully in Part Five, Section
IV—Spillway Criteria.
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Figure 3.20 Extreme Floods of Record.
TABLE 3.2
Extreme Floods of Record
No.* Stream and station Date of flood
1 Panther Creek near Toccoa, Georgia June 16, 1949
2 Seneca River near Anderson, South Carolina August 17, 1928
3 Savannah River near Calhoun Falls, S. C. August 13, 1940
4 Little River near Lincolnton, Georgia September 28, 1929
5 Savannah River at Augusta, Georgia October 3, 1929
6 Ogeechee River at Louisville, Georgia October 1929
(continued)
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TABLE 3.2—Continued

No.*

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Stream and station

Date of flood

Ocmulgee River near Jackson, Georgia
Oconee River near Greensboro, Georgia
Altamaha River at Doctortown, Georgia
Wildcat Creek near Lawrenceville, Georgia
Tired Creek near Cairo, Georgia
Chattahoochee River at West Point, Georgia
Chattahoochee River at Columbus, Georgia
Apalachicola River at Chattahoochee, Florida
Choctawhatchee River at Caryville, Florida
Choctawhatchee River near Bruce, Florida
Murder Creek near Evergreen, Alabama
Escambia Creek at Flomaton, Alabama
Escambia River near Century, Florida

Pine Barren Creek near Barth, Florida
South River at Atlanta, Georgia

Oconee River at Milledgeville, Georgia

Dog River near Douglasville, Georgia

Camp River near Fayetteville, Georgia

Morgan Creek near Chapel Hill, North Carolina

Linville River at Branch, North Carolina
Yadkin River at Wilkesboro, North Carolina
Rocky River near Norwood, North Carolina

December 11, 1919
August 26, 1908
January 23, 1925
May 6, 1956

April 1, 1948
December 10, 1919
March 15, 1929
March 20, 1929
March 17, 1929
March 1929
March 16, 1938
September 27, 1939
March 1929

April 14, 1955
February 25, 1961
February 25, 1961
February 25, 1961
February 25, 1961
August 4, 1924
August 13, 1940
August 14, 1940
September 18, 1945

* Numbers refer to numbers in Figure 3.20.

SECTION IV - DROUTHS AND LOW FLOWS

Low Flows and Storage

The narrow portions of the lines of Figure
3.1 show the lowest calendar-month streamflow
during the 1937-55 period. Figure 3.21 illustrates

the severity of the 1954 drouth, using as the
example the daily flows of the Ochlockonee
River near Havana, Florida, for the period April
1954 through January 1955.
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Figure 3.21 Record Low Flow of Ochlockonee River at Havana, Florida,




Note that the discharge scale is logarithmic and
that the October flow in 1954 was about 1/25
the average flow for the calendar month.

It is well known that the essential problem
and opportunity of flow regulation is storing
excess flows for release during times of other-
wise deficient flow. How to accomplish this in
a physically feasible and economical manner is
the essence of surface-water resource planning.
Having defined the needs for water, it is helpful
to employ graphical methods for relating the
required amount of storage to the low-flow ex-
perience of given streams. Recalling the sparsity
of data, as shown on the map of Figure 3.2, it
has been possible nevertheless to generalize a
procedure for estimating storage requirements in
the study area.

Figures 3.22 and 3.23 show draft-storage rela-
tionships prepared by the U. S. Geological Sur-
vey for the Piedmont and Blue Ridge, and the
Coastal Plain provinces, respectively, in standard
measure of storage and flow per square mile of
drainage area for the 1954 drouth, using the
additional parameter of minimum flow during
1954. To use these diagrams, it is necessary to
decide what minimum flow or draft is required,
enter the appropriate diagram with the observed
or estimated minimum flow of 1954, and deter-
mine the interpolated value of required storage
from the curved lines in the diagram. In Table
3.1, the median and extreme annual low flows
are given for about 160 gaging stations.

T T
N ACRE MILE
STORAGE REQUIRED nnmml -

0 /
/
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MIBIMUM MONTHLY FLOW Il 1954, W CUBIC FEET PER SECOND
PER SQUARE MILE

Figure 3.22 Draft-Storage Curves for 1954, Blue Ridge
and Piedmont Provinces.
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Estimates have been made of the 10-year, 7-
day low flows for a number of sample stations,
and generalized draft-storage relationships have
been prepared for an estimated 10-year return
period. Figure 3.24 is the set of draft-storage re-
lationships, and the map of Figure 3.25 shows
the eight basins and three water-storage areas
required for use of Figure 3.24. Areas D and E
of the map of Figure 3.25 are excluded from the
generalized system of curves on Figure 3.24 be-
cause of sinkholes and other local phenomena.
In general, minimum flows occur in autumn.
No attempt was made to evaluate the incidence
of low flows for other times of the year.

In addition to the values of low flows given
in Table 3.1 and the draft-storage curves, it is
helpful to examine the flow-duration curves of
Figure 3.28. These four curves typify the flow
regime in the physiographic provinces repre-
sented by the stations shown.

The eftect of storage may be shown by two
such curves for the same point, one with and
one without storage. An example is given in
Figure 3.27 in which the flow of the Savannah
at Augusta, Georgia, is shown for the periods
before and after construction of Clark Hill Res-
€rvoir.

Soil Moisture

During a year of average total rainfall, there
are usually periods of several days duration be-
tween rains when soil moisture gets so low that
pasture grasses and small crops tend to wilt.

STORAGE REQUIRED IN
ACRE-FEET PER SQUARE MILE
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Figure 8.28 Draft-Storage Curves for 1954, Coastal Plain
Province.
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Figure 3.27 Flow-Duration Curve for Savannah River at
Augusta, With and Without Storage.

Over most of the Southeast River Basins, it has
been estimated that this soil moisture deficiency
can be overcome by properly timed application
of a total of 6 inches of supplemental irrigation.
One year in ten, the amount of supplemental
irrigation required is 10 inches over much of
the Southeast River Basins. The map of Figure
3.26, after Van Bavel, portrays the regional pat-
tern of soil moisture deficit equalled or exceeded
on the average of one year in ten in inches of
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Figure 3.28 Typical Flow-Duration Curves.

average depth over the ground. The foregoing
is based on reasonable assumptions as to uniform
soil characteristics, empirical weather data, and
widely accepted methods for estimating evapo-
transpiration from vegetated land areas. Maps
similar to Figure 3.26 could be prepared and
irrigation requirements determined for various
land use and soil types and for a range of fre-
quencies for any place in the Southeast River
Basins.

SECTION V — EVAPOTRANSPIRATION

It is necessary in this discussion to distinguish
not only between evaporation and transpiration,
but also among pan evaporation, lake evapora-
tion, average transpiration, and transpiration for
a given season or other period. Pan evaporation
is rather widely observed, but its relation to
lake evaporation is not as simple as had been
thought in earlier years. The difference in heat
storage and other factors leads to pan coefficients
which vary seasonally and in other ways. By

o

or

proper consideration of observed pan data and
of meteorological factors involved in the ex-
change of water vapor and heat, generalized
maps of mean annual lake evaporation have be-
come possible. Such a map showing average an-
nual lake evaporation for the period 1945-55
for the Southeast River Basins is given on Figure
3.29, from Weather Bureau Technical Paper
No. 87, Evaporation Maps for the United States.
Lake evaporation varies appreciably from year

ki




Figure 3.29 Average Annual Lake Eviporation. Inches
Depth.

to year. For about two-thirds of the years, the
evaporation is within 10 percent of the mean.
Nineteen years out of 20 are within 20 percent
of the mean.

For a natural land surface, it is practically
impossible to separate evaporation from trans-
piration; therefore, they are combined as evapo-
transpiration (ET).

Mean annual ET, conceptually, is a residual,
the difference between rainfall and runoff, with
allowance for interbasin ground water exchange
which in most terrane is believed to be rela-
tively small. Ground water recharge is balanced
by pumping, natural contributions from ground
to surface flow, and subterranean flow into the
ocean. Practically, to prepare a map of mean
annual ET, a detailed map of mean annual rain-
fall is necessary, also a detailed map of mean
annual runoff. As shown by the map on Figure
3.2, there are gaps in the runoff data which
make a map showing isolines of runoff difficult
to prepare. If a map of mean annual ET were
to be drawn, its generalized values would range
from about 30 inches in the mountains to about
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Figure 3.30 Rainfall Minus Lake Evaporation, Inches
Average Depth.

40 along both coasts.

One of the reasons for estimating lake evapo-
ration is the need to consider net reservoir evapo-
ration in planning water availability. Net
reservoir evaporation is the difference between
evaporation from the reservoir surface and the
ET that would occur from the natural land
surface which would be, or is, occupied by the
reservoir. The map of Figure 3.30, rainfall minus
evaporation, has been used in making estimates
of net reservoir evaporation in the Southeast
River Basins, and the values shown there were
subtracted from estimated runoff from the reser-
voir area for conditions prior to construction
of the reservoir. This is discussed in more detail
in Part Four, Section V.

Inasmuch as most reservoirs have an area
which is a small fraction of the total drainage
area, net reservoir evaporation can be neglected
in many instances in the Southeast River Basins
except in extended drouth periods. These losses
would be well within the error of estimating
runoff for ungaged areas, or estimating seepage,
or other losses.




SECTION VI - WATER QUALITY

The U. S. Public Health Service report of
1961 to the U. S. Study Commission, ‘“Water
Quality Basic Data, Southeast River Basins,”
contains detailed information on water quality.
To summarize, some general statements are
made here as to hardness, color, temperature,
suspended sediment load, and pollution. Water
quality data of all kinds are sparse and scattered.

Hardness, in equivalent CaCO,, of water in
streams in the area is generally less than 50
parts per million, ranging from less than 10
over large areas to more than 100 for certain
smaller areas. Water in streams throughout the
United States is generally much harder, averag-
ing about 300 parts per million. Differences in
hardness are influenced by the amount of water
and duration of its contact with various types
of minerals. Hardness of ground water at any
one location may vary with depth. Hardness of
water in streams varies with size and rate of
flow of the stream and with differences in local
geology.

The total hardness of ground water is given
in Table 3.3, based on 500 individual and
average sets of data, taken at various brief
periods at different sites.

The natural acidity or alkalinity of the sur-
face water and ground water of the entire South-
east River Basins, as expressed on the pH scale,
is very nearly 7.0, neutral. Ninety-two percent
of the surface data and 81 percent of the ground

TABLE 3.3

Hardness of Ground Water
(parts per million of equivalent CaCOj3)

Basin Average Range within which
two-thirds of the
data occur

Savannah 45 20 to 130
Ogeechee 80 50 to 120
Altamaha e .60 30 to 130
Satilla-St. Marys - 200 120 to 400
Suwannee . 170 120 to 250
Ochlockonee . 180 120 to 300
Apalachicola-

Chattahoochee-Flint 60 25 to 130
Choctawhatchee-

Perdido 100 20 to 160
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water data are within the range of 6.0 to 8.0.

In the Lower Coastal Plain, water in the
streams is typically dark from tannins of vegeta-
tive origin. In the tidal estuaries, over an average
distance of as much as 20 miles from the mouth
of many streams, the tidal action, particularly
at times of low flow, produces an appreciable
degree of salinity in the surface water.

The natural temperature in large streams is
near the average monthly air temperature; the
mixing and heat storage of the large amount of
water dampens out day-to-day fluctuations. In
smaller streams, day-to-day fluctuations in water
temperature are observed and in the smallest
streams, hour-to-hour variations in temperature
are evident, with the daily range of temperature
being nearly as great as for the nearby air.
Stream temperatures are affected by certain types
of reservoir operation and by return flow of
water diverted for condenser cooling and similar
purposes. Ice is rare in streams and lakes in
the Southeast River Basins, even in much of the
mountain region.

The concentration of suspended sediment in
Piedmont and Blue Ridge streams probably
averages 100 to 1,000 parts per million or more
and in the Coastal Plain 10 to 100 parts per
million. These estimates are based on very
sparse data. Averages of sparse sediment load
data may be misleading because the load varies
so greatly with the rate of flow and with varying
local conditions. No bedload data have been
found for the study area. Turbidity of major
Piedmont streams observed at intakes of several
Georgia waterworks plants has declined mark-
edly during the period 1940 to 1960 and in 1960
averaged about 40 parts per million.

In general, the temperature of water taken
from the ground is about the same as the mean
annual air temperature. Exceptions are water
from very shallow wells or from very small
springs, in which the water temperature varies
seasonally, and a few warm or hot springs, some
of which are well known. The temperature of
most of the ground water ranges from 64 to 69
in the Coastal Plain and slightly cooler north
of the Fall Line with values below 60 in the
mountains.

There is an increasing number of stream




reaches in the study area in which pollution is
becoming a serious problem. In the past, rela-
tively low waste loadings, together with usually
ample flows and good waste assimilation charac-
teristics, have resulted in effective stream re-
covery from most sources of pollution. However,

SECTION VII -

Water-Bearing Formations

In general, the area north of the Fall Line is
one of drastically limited ground water supply
because of its geology. The underlying rock is
dense and crystalline, and water is available only
in the thin soil mantle and fracture zones of
the rock itself. South of the Fall Line, deep sedi-
mentary aquifers provide unique and tremen-
dous sources of generally good water. At points
along the coast, salt-water intrusion is a problem;
and inland there are scattered places where
sulfur, salinity, or even poor yield limits the
development. In the Coastal Plain province,
ground water generally is a major source for
every kind of use, and it can be obtained nearly
everywhere by drilling a well and pumping.

In the Piedmont and Blue Ridge provinces,
typical wells yield 5 to 25 gallons per minute
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Figure 3.31

Aquifers Below the Fall Line.

increasing population and industrial develop-
ment and changes in streamflow regime due to
the operation of various water resource develop-
ments have resulted in the degradation of water
quality in some streams to the point where legiti-
mate water uses have been curtailed.

GROUND WATER
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and rarely yield more than 100 gallons per
minute. In the Cretaceous zone, immediately
southeast of the Fall Line, yields frequently
range from 1,000 to 2,000 gallons per minute.
In the principal artesian aquifer, which under-
lies about three-fourths of the Coastal Plain
area, there are many large springs and wells
which yield several thousand gallons per minute.
Large yields are typical of the other Coastal
Plain aquifers, particularly the Miocene and
post-Miocene sand and gravel beds near Pensa-
cola. The approximate areal extent and geologic
age of these Coastal Plain aquifers are shown
on the map of Figure 3.31.

The map of Figure 3.32 supplements that of
Figure 3.31 in showing the major structural fea-
tures of the Southeast River Basins and adjoining
area with respect to ground water geology. It
helps explain the direction of natural flow of
ground water and shows the Ocala-Peninsula
uplift.

Figure 3.33 shows a simplified cross-section of
the Coastal Plain structure along the Atlantic
coast and the movement of water through the
principal artesian aquifer. Similarly, Figure 3.34
shows a crosssection of the sand and gravel
aquifer of Miocene age near Pensacola. These
two cross-sections are typical. Figure 38.34 is
adapted from Florida Geological Survey Infor-
mation Circular No. 30: Musgrove, R. H.; Barra-
clough, J. T.; and Marsh, Owen T.; 1961; titled
“Interim Report on Water Resources of Escam-
bia and Santa Rosa Counties, Florida.” Except
for a few small, inland pockets of poor quality
ground water and salt-water intrusion near the
coast, ample ground water can be obtained
nearly anywhere in the Coastal Plain. An exami-
nation of well data disclosed that it is rarely
necessary to go deeper than 700 feet to find a
large supply of artesian water; that in about 95
percent of the wells, water rises to within 100
feet of the ground surface; and that in about 25
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Figure 3.32

From: “Jekyll Island —Its Geology and Water Resources”
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TABLE 3.4

Flow of Springs from the Principal Artesian Aquifer
(See accompanying location map, Figure 3.35)
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percent of the wells, artesian pressure brings the
water to an elevation higher than the ground
surface.

Table 3.4 lists the flow of selected major
springs from the principal artesian aquifer and
indicates the minimum sustained flow. Figure
3.35 shows the locations of the springs listed in
Table 3.4.

The pumping of water from the ground re-
duces the depth or pressure of the water near
the well. The map of Figure 3.36 illustrates this
effect for the principal artesian aquifer for the
Southeast River Basins. The lines on this map
define the piezometric surface, the height above
sea level to which water would rise in wells.
Where this surface is above the ground level,
wells flow without pumping. The data on this
map were generalized from different studies and
from different years so it shows a composite re-
cent picture but does not give a precise pattern
that could be used for design, or to show trends
in comparison with similar maps of earlier or
later years.

There are about 150 observation wells in the
Southeast River Basins whose data are published
annually in U. S. Geological Survey publications,
“Water Levels and Artesian Pressures.” About
half of these records started within a year or
so of 1940 and most of the rest more recently.

Sustained Yield of Ground Water

The present withdrawal of ground water in
the Southeast River Basins is a little less than
1 billion gallons per day. This is equivalent to
about one-fourth inch average depth per year
over the entire Southeast River Basins area.
Projected needs for well water by the year 2000
amount to somewhere between 2 and $ billion
gallons per day. This is less than an inch average
depth over the Southeast River Basins each year.
Some of it would be returned after use to the
surface water supply. A question to be considered
is whether this rate of withdrawal could be sus-
tained indefinitely. The answer, based on a
recent special study of available meager data,
a review of the literature, and some rough com-

Figure 3.36 Generalized Piezometric Surface of Principal
Artesian Aquifer (feet above mean sea level).

putations is that this much and more could be
withdrawn safely. According to the study, as
reported by the U. S. Geological Survey in a
report prepared for the U. S. Study Commission,
“The Yield of Sedimentary Aquifers of the
Coastal Plain, Southeast River Basins,” a sus-
tained yield of 24 billion gallons per day could
be taken from the ground without depleting
the source faster than it can flow to the wells
or be replenished by rainfall. This sustained
yield is about 10 times the estimated needs for
the year 2000. By reuse and artificial recharge
of ground water, the possible availability could
be increased far beyond the 24 billion gallons
given above. Also, for isolated periods of a
year or two, withdrawal rates much higher than
the sustainable average would be possible. Ex-
cessive ground water withdrawals would create
local problems, including diminished availability
of certaiii surface supplies, and would necessi-
tate deeper wells in some areas where steeper
gradients would be required in order to sustain
the high yields.




SECTION VIl — PRESENT STORAGE AND REGULATION

In order to assess the need for future develop-
ment, it is necessary to know not only the re-
source potential, but also the present degree
of development. For example, it is helpful to
know the present water area for recreation and
fishing and the present amount of storage and
regulation.

Table 3.5 gives the area of water bodies, in
thousands of acres, in certain categories, as of
1960.

The total number of farm ponds in 1960 is
estimated to be 33,000 with an average size of
3.4 acres. The projected numbers for 1975 and
2000 are 55,000 and 90,000, respectively.

Table 3.6 gives storage data for selected
reservoirs as of 1960. Regulation is given both
at the damsite and at the mouth of the river
because the effectiveness of storage differs with
distance downstream from the dam.

TABLE 3.5

Water Areas in the Southeast River Basins
(thousands of acres)

Basin Selected Farm Water area s
number reservoirs* ponds ~ Toal  Percent of
basin area
1 127 11 2125 3.1
2 0 11 90.9 2.6
3 20 28 116.5 1.2
4 0 8 85.1 24
5 0 14 103.0 1.5
6 7 6 106.2 26
7 133 24 253.5 2.0
8 0 10 380.2 4.0
Total 287 112 13479 2.4 (avg.)

* See Table 3.6.

TABLE 3.6

Storage Data for Selected Reservoirs

Basin Reservoir Stream

Usable Surface Regulation in percent
number storage* area of mean annual flow
(1,000 top of — —
acre-feet) power pool At site At stream
(1,000 mouth
acres)
1 Hartwell Savannah 1,400 57 45 17
1 Clark Hill Savannah 1,700 70 25 21
2 None
3 Sinclair Oconee 214 15 9 1.8
3 Jackson Lake (Lloyd Shoals Dam) Ocmulgee 76 5 5 0.5
4 None
5 None
6 Lake Talquin Ochlockonee 70 7 6 2
& Lake Lanier (Buford Dam) Chattahoochee 1.040 38 69 1
7 Bartletts Ferry Chattahoochee 133 6 3.0 0.7
| Walter . George (I't. Gaines Lock
and Dam) Chattahoochee 210 45 3 1.8
7 Jim Woodruff (Lake Seminole) Chattahoochee and Flint 360 37 2.2 2.0
7 Lake Blackshear (Crisp County Dam) Flint 34 7 1.0 0.2

x

N(ll\('

* Does not include volume below minimum drawdown nor space reserved for flood control
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PART FOUR - TRENDS AND
TECHNOLOGICAL DEVELOPMENTS

SECTION | - INTRODUCTION

In the plans for projects and programs in-
volving use and management of water, it was
assumed that there would be no unplanned
change in the regime of water availability by
the year 2000. This assumption was based on
deliberate consideration of natural trends and
of possible technological developments which
could affect the supply of water.

A natural trend in rainfall would make irriga-
tion more valuable or less valuable than at
present, according to the direction of the trend.
Floods might become more severe in the future—
or less so. A trend in air temperature would
affect evapotranspiration losses and the type
of crops or livestock to be grown.

Weather modification must be distinguished
from weather control, but consideration of either
leads to the possibility of reducing the varia-
bility of rainfall and lessening the need to store
excess streamflows or to provide water during
drouths. If the cost of desalting sea water should
become competitive with the cost of other sources
of water, including treatment and reuse of waste
water, profound changes would result in the

approach to water resources planning.

There is evidence that water supply can be
conserved by suppression of evaporation from
reservoirs and that the streamflow regime is

" affected by land management practices—both as

to floods and as to low flows. In projecting a
plan to the year 2000, it is necessary to consider
the foregoing influences on the availability of
water.

The projected increase in agricultural produc-
tion will come from combining many activities,
including greater use of pesticides and fertilizer.
It is necessary to consideir what effect this use
will have on ecology and water quality.

Short of physical control of rainfall, improved
forecasting would have important effects on the
use of water. Perfect streamflow forecasting
would greatly diminish the required magnitude
of storage for flood control. Quantitative rain-
fall forecasting would eliminate the waste of
water and damage to crops in inadvertently irri-
gating on the day before a heavy rain. Some con-
sideration must be given to trends in forecasting
that can be expected by the year 2000.

SECTION Il - NATURAL TRENDS

Temperature

Evidence of many kinds supports the growing
opinion that there is a long term trend in air
temperature. This trend, which has been a slight
increase, mostly in wintertime, is evident in the
century long records of thermometers at bench-
mark stations—stations with minimum change
in their exposure to the heat of growing cities
or to other nonclimatic influences. Glaciers are
receding generally; flora and fauna are migrating
north of their usual limits.

It is supposed by some that portions of the
northern hemisphere are still emerging from
the last ice age. It is possible that the sun is a
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long-period variable star. Studies of these and
other theories are not conclusive. There is no
indication whether the past trend is part of a
long cycle which may reverse at any time or
whether it can safely be extended to the year
2000.

Recent evidence indicates that, while for the
past century the trend has been up a degree or
so, the trend of the past 20 years at some stations
has been downward a fraction of a degree.

Inasmuch as both trends are very slight, and
there is no way of predicting a future course,
no account of a temperature trend has been
taken in planning future action in conserving
and developing land and water resources.




Rainfall

Rainfall is much more variable than tempera-
ture, and a long trend is difficult to discern.
There has been indication of a downward trend
in rainfall over the past century. There are
supporting data and many plausible theories
but none of them are conclusive. There is no
way of knowing whether the trend will continue
or change. Examination of the diagrams on
Figure 2.3 may suggest trends in annual rainfall.

Inasmuch as these trends are very slight com-
pared with the great year-to-year variation, and
there is no satisfactory way of projecting their
course, the best estimate of future rainfall is a
continuation of the historical regime.

Streamflow

As a consequence of the downward trend in
rainfall and the upward trend in temperature,
which would increase evaporation and transpira-
tion, a downward trend in natural streamflow
might be expected. Very few records of stream-
flow are long enough to show a long trend of
any kind, particularly with the very great year-
to-year variation which tends to obscure a long
trend. The variability is so great and most
periods of record so short that considerable
study, including correlation with rainfall and
with data from long record streamflow stations,
would be required before a satisfactory mean or
trend can be established.

The usual occurrence of ample water in most
of the study area has made it unnecessary to
determine precisely the average supply of water.

Inasmuch as any trend is probably slight, and
reversible without prediction, the streamflow re-
gime for the period ending in the year 2000 is
regarded as being the same as the historical re-
gime, subject only to artificial reguiation such
as by storage and withdrawal.

Sea Level

There has been a well-defined and widely ac-
cepted upward trend in sea level of about an
inch in 10 years. How much of this comes from
melting of large ice caps, subsidence of conti-
nents, or even change in storage of ground water
and surface water is problematical. Inasmuch
as the trend appears to be small, unpredictable
and perhaps reversible, it has been ignored in
planning to the year 2000. The effect of this
slight change in average sea level on navigation,
use of tidal lands, etc., is trivial when compared
with the uncertainties in the height of storm
tides, 15 or 20 feet, caused by wind and pressure
associated with hurricanes.

Ground Water

The trend in ground water stage and artesian
pressure has been downward in much of the
study area such as in the vicinity of Savannah
and Brunswick, Georgia, and Fernandina, Flor-
ida, largely and possibly entirely because of
withdrawals through wells. To separate and
evaluate natural trends in ground water stage
and artesian pressures and to project these trends
from increased pumping would require more
study than it was expedient to make.

SECTION Ill — ARTIFICIAL AUGMENTATION OF WATER SUPPLY

Weather Modification

There is no question but that weather can be
modified artificially, whether it be condensation
trails from aircraft, higher temperatures in big
cities than in surrounding countryside, or or-
chard heating. Studies of cloud seeding show
that in the West, with proper conditions and with
the help of the mountains, results have been ob-
tained which would be extremely unlikely by
chance. In the East, where there is usually plenty
of rain, only a little seeding has been done and
conclusive evidence of increasing rainfall is lack-
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ing. However, experimental research in this field
is being undertaken.

Modifying the weather is vastly different from
controlling it. It is difficult to forecast the condi-
tions necessary for successful seeding, to avoid
under or over seeding and to assess the effects
of missing the target area. An error in attempted
weather modification could seriously affect the
cutting of hay or conceivably worsen a flood.

Because of uncertainty as to the degree of
control possible in the East, and the fact that
surer methods—such as storing water from wet
periods, or pumping it from the ground-are




feasible and relatively economical, the U. S.
Study Commission plan for the Southeast River
Basins disregards any possible effect of weather
modification.

Desalting of Sea Water

Recent experiments have shown the physical
possibility of large scale desalting of sea water.
Cost studies, however, have shown that such
water is more expensive than pumping water
from wells or taking it from reservoirs or regu-
lated rivers in regions of ample supply. Such
practical probiems as pumping the water from
the sea to other points of use, what to do with
the minerals to prevent scale, and how to dis-
pose of concentrated saline waste, persist. It is

anticipated that desalting of sea water will not
be economical in the period ending in the year
2000 in an area as rich in natural fresh water as
the Southeast River Basins. It would probably
be easier and more economical to treat and
reuse fresh water.

Conclusion

The study area is endowed with both a mild
climate and generally plentiful water, and con-
ventional methods of water management are
more economical and more practicable than
other methods. The Southeast River Basins
probably will be one of the last regions in the
Nation where unconventional methods of aug-
menting water supply will be necessary.

SECTION IV — CONSERVATION OF EXISTING SUPPLY

Evaporation Suppression

Recent experiments have shown the physical
feasibility of greatly reducing evaporation by
means of a thin film of one of the various insolu-
ble kinds of waxy materials, such as hexade-
canol. In pans and small ponds, this material is
very effective. On large reservoirs, the mainte-
nance of the film against waves and other action
is costly, and the results are less effective though
they could be economical in regions where water
is extremely expensive. While such films have
been found harmless to fish and eventual water
users, they might restrict recreational and other
uses of reservoirs.

With water as plentiful as it is in the South-
east River Basins, it seems unnecessary to plan
on resorting to such drastic, uncertain, and costly
methods for saving water.

Reuse of Water

Reuse of water involves either recycling in a
process, or successive use of the same water by
a series of users along a stream. To understand
the implications of reuse of water it is necessary
to distinguish between withdrawal and consump-
tive use.

Withdrawal of water merely means taking it
from its usual course and implies nothing as
to its return to the same course sooner or later,
its diversion to another course, or being evapo-

rated or otherwise consumed. Consumptive use
of water means its transpiration, evaporation,
or incorporation into a product of some sort—
the latter usually being negligible in total
quantity.

Successive use of water involves questions of
quality of water, convenience, and economics.
Considerations for recycling include costs of
storage in the using system, possible storage up-
stream, treatment, and proportion of makeup
water. In some places in the United States,
ground water recharge has been found to be
practicable and economical and in a sense may
be either reuse or recycling.

Unless water is consumed, its withdrawal
merely involves temporary or local restriction in
its use for more than one purpose, or the cost
and inconvenience of conveying it back to its
usual course, or restoring it to its original qual-
ity. Recycling usually has little effect on the total
consumption and, therefore, is unimportant to
the total availability of water. The important
process in total availability of water is its con-
sumptive use.

In agriculture, consumptive use is necessary;
and the amount of water circulating through
growing vegetation is usually several hundred
times the amount actually incorporated in the
crop.

As has been shown in Part Three of this Ap-
pendix, there is plenty of water on the average.

—— Np—— I".




The only problem is its distribution in time
and place. As shown in the basin appendixes
there is competition for water in only a few
areas. In order to tide over low periods it is
necessary to store water for some uses, but in
general there seems to be little need to consider
scheduling for joint, successive, or alternate use
of the same water. Accordingly, a study of re-
cycling and reuse has been unimportant to the
planning of use of water. No srudy has been
made of artificial ground water recharge in the
Southeast River Basins.

Phreatophytes

Vegetation is the main user of water—in the
sense of consuming it, rather than delaying or
dispersing its availability for other uses. Phrea-
tophytes are deep rooted plants that withdraw
water from the water table or from the soil just
above it. In arid regions they reduce the flow of
streams to a degree which has led to eradication
campaigns. In the Southeast River Basins the
problems along vegetation-lined streams are ac-
cess, quality, and habitat more than quantitative
conservation of water.

Reservoir Operations

The manner in which multiple-purpose reser-

voirs are operated is a factor in water conserva-
tion. Good operation promotes efficient water
use and prevents waste that is likely to occur
with poor operation. Good operation will be
particularly important in the Apalachicola-Chat-
tahoochee-Flint basins where a series of reservoirs
with locks are utilized in developing the Chatta-
hoochee River for navigation. To insure good
operation, a specialized staff of river control
engineers is essential to establish daily schedules.
The use of electronic computers, a relatively
new aid in river forecasting, promises to ma-
terially improve reservoir operations and thus
conserve water.

Other Methods for Conserving Water

Air-fin cooling, instead of cooling with water,
is regarded as a saving of water, but using water
for cooling is not necessarily consumptive. Use
of saline water for purposes such as cooling is
also regarded as saving fresh water, but the
reason for using saline water for cooling is
usually merely the fact that saline water will do,
and frequently happens to be the kind at hand.
Because of the usual abundance of water in the
Southeast River Basins, a study of these and
other water-saving practices did not seem justi-
fied and was not made.

SECTION V - CHANGES IN THE HYDROLOGIC REGIME

Introduction

Storage and diversion of surface runoff for
any purpose affects the supply of water for other
purposes. Pumping and diversion of ground
water to streams after use may decrease stream-
flow in some places and increase it in other
places. In soil conservation, efforts are made to
retard erosion by land treatment. These and
other effects must be considered for coordinating
planning.

Land Treatment

Examples of land treatment are changes in
land use from row crop to pasture, improved
stands of timber, controlled grazing, shift from
continuous cropping to rotation, and provision
of cover crops. It has been shown that, on small

plots and on a number of larger research water-
sheds, these factors reduce peaks of most floods
and, in some cases, influence total runoff.

One factor is that small areas differ signifi-
cantly from large areas in the movement of sub-
surface water. The other factor is that over a
large area—10 square miles or more—due to the
difficulty of controlling land-management prac-
tices for evaluation, there may be compensating
changes in land use and in cropping practices.

The effects of land treatment measures on
large watersheds depend, in part, on the meas-
ures being considered. Measures in which stor-
age of runoff is involved are readily evaluated
and their effects are recognized in previous
studies or reports on flood prevention in large
watersheds. Measures in which infiltration is in-
volved are less readily evaluated on a large
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watershed. For land treatment measures, a con-
servative determination of the effects on peak
flow was made.

It has been estimated that land treatment over
large areas in the Southeast River Basins could
reduce flood peaks to an appreciable degree, the
effect being greater on lesser floods and least on
the largest floods. No assumption or computa-
tion has been made as to the effect of land treat-
ment on low flows or total water yield.

Seepage from Reservoirs

Whenever a reservoir is built, in the Southeast
River Basins or elsewhere, it is necessary for the
design to consider problems of seepage and
leakage under the geologic conditions existing
at the particular site. Otherwise, losses through
or around the dam or into the ground beneath
the reservoir might significantly diminish the
quantity of water stored for planned uses. Such
seepage or leakage may be undesirable from the
standpoint of safety of the dam. Apart from
project considerations, such seepage does not
necessarily represent an ultimate water loss, be-
ing merely a transfer from surface waters to
the underground where, conceivably, it could
contribute to aquifers which are sources of
pumped water.

When a reservoir is impounded, there is a
rise in the water table surrounding the shore-
line and an initial loss from bank storage which
is not recoverable unless the reservoir should be
drained. The higher water table may result in
problems of subsoil saturation requiring drain-
age, of higher levels and alleged pollution in
domestic wells around the reservoir, and some-
times of responsibility for creating new sink
holes.

If the design fails to guard against seepage
or leakage under or around a dam, there may
be a rise in the downstream water table with
consequent drainage problems.

It is not anticipated that any of these seepage
and leakage problems will be significant in the
study area, it being assumed that agencies imple-
menting the Commission plan will make neces-
sary provisions in design and construction of
any structures to prevent seepage losses. This
being the case, it has been unnecessary in the
planning of projects to evaluate or allow quanti-
tatively for seepage losses.

Net Reservoir Evaporation Loss

In addition to the purpose of a reservoir to
regulate streamflow or to constitute a water body,
it may have the effect of changing the total
yield of water from its drainage area. The dif-
ference in yield may come largely from the
difference between evaporation from the reser-
voir water surface and evapotranspiration from
the corresponding land surface previous to con-
struction of the reservoir.

Ignoring boundary effects, there is a net esti-
mated loss from most reservoirs ranging from
zero to 10 inches average depth per year. Bound-
ary effects, particularly with hydroelectric draw-
down, tend to reduce the net loss because the
evaporation from the exposed land around the
reservoir perimeter is less than from the water
surface. In some instances, the net effect may
possibly be an accretion instead of a loss.

In planning a few of the reservoirs, account
was taken of estimated net reservoir evaporation
for dry years. For estimating drawdown or reser-
voir yield in extremely dry conditions, such
as recurrence of the 1954-56 drouth, evapora-
tion 30 percent higher than average was assumed,
along with observed or interpolated 1954-56
rainfall and runoff.

No account was taken of the effect on total
water yield of net evaporation loss from the
aggregate planned and projected surface area of
reservoirs. Because the total projected new water
area is a small fraction of the entire study area,
the net loss may be within the error of estimating
the water yield itself from the study area.

Ground Water - Surface Water

Interchange

In the Coastal Plain province, much of the
water taken from the ground is discharged after
use into streams, thus adding an artificial incre-
ment to streamflow. In the future, this process
will probably increase. On the other side of the
ledger, heavy pumping near streams will reduce
streamflow; and where reservoir seepage occurs,
there will be an artificial increment of surface
water added to the ground water. There are
some indications that seepage and recharge are
occurring in the vicinity of Lake Seminole on
the Chattahoochee and Flint Rivers above Jim
Woodruff Dam. A lesser effect which can be




cited is the withdrawal of surface water for use
in fairly large areas served by septic tanks—with
an accretion to ground water from the field
lines. All these and other such effects are be-
lieved to be relatively small in the aggregate and
have not been evaluated.

Irrigation Loss

In the Southeast River Basins, the projected
irrigation program is not large and is considered
to have only slight local effects on streamflow
or ground water. Most irrigation will probably
be sprinkler type with very little return flow.

Urbanization and Highways

Important local effects can be expected in a
few instances of interbasin diversion where ridge
cities take water from one stream and discharge
it as effluent into a different stream. The develop-
ment of highways and urban areas tends to
change the hydrologic balance by increasing im-
permeable areas, and storm sewers and roads
may change the time of concentration as com-
pared with natural surface drainage. In the few
places of appreciable size where the effect of
urbanization has been investigated, the influence
of roofs, concrete and lawns as compared with
pasture, cultivated fields and woods, has been
found to be too small for measurement. Possibly
compensating influences are involved.

While some urban subdivisions may seem
large, the aggregate area of impervious cover
in urban areas and highways is and will con-
tinue to be a very small percent of the total
Southeast River Basins drainage area. Unless an
impervious area has a very large contiguous ex-
panse, the water falling on it can enter the soil
nearby and percolate laterally into the soil un-
derlying the impervious area. Much of the rain
from roofs soaks into nearby lawns. It is be-
lieved that the ultimate effect of urbanization
including lawn watering can easily be exag-
gerated, is relatively small in the aggregate, and

except very locally has little influence on the
hydrologic balance.

Water Use in Pipeline Slurries

The transport of coal and other material by
slurry and pipelines has proven feasible in re-
cent years under appropriate conditions. Trans-
portation of coal into the Southeast River
Basins by slurry would bring water into the
study avea, but some water would no doubt be
evaporated by combustion. For an example of
the amomh_of water involved, if all electrical
energy needsof the study area for the year 2000
were supplied by coal brought in by a 2:1
slurry, an estimated 100 cubic feet per second
would suffice. Local' questions of availability of
water might arise, for example, in the movement
of kaolin by slurry; but the total movement of
such water in the Southeast River Basins would
be trivial from the standpoint of general avail-
ability and effect on the hydrologic regime.

Conclusion

Consideration of the foregoing and other fac-
tors has led to the conclusion that, for the pur-
pose of broad planning for projected conditions
in this humid region, these factors can be
neglected in comparison with other uncertainties
as to the availability of water. Though it is
estimated that the total supply of water will be
about as at present, there will be a change in
the extremes of flow because of storage of water
in new projects. This is the purpose of water
management. Floods will diminish in frequency
and magnitude of flow, and low flows will be
less frequent and less severe than would occur
naturally. An example of the type of change to
expect is shown in Figure 8.27 of Part Three
which compares the flow of the Savannah River
at Augusta with and without the operation of
Clark Hill Reservoir and other upstream storage.
Similar diagrams and flood-frequency curves
could be prepared for proposed projects, based
on various assumed models of operation.

SECTION VI — WATER USE IN ELECTRIC POWER GENERATION

Cooling Water

Thermal generation of electrical energy re-
quires condenser cooling, which wuses vast

amounts of water. Future development of power
by nuclear and other new thermal processes will
in all probability require cooling—most likely




by water. The availability of water is not par-
ticularly a problem in cooling if thermal plants
can be located at tidewater or reservoir sites,
depending on what fuel they would use, and
the water can be recirculated. The main effect
is the local deterioration of water quality
through heat pollution resulting from the in-
creased temperature. The higher temperature
also increases slightly the evaporation loss from
the receiving stream.

Hydroelectric Power

The main use of hydroelectric power in the
Southeast River Basins is for supplying energy
for brief peak periods. It is relatively uneco-
nomical to keep steam pressure up hour after
hour and day after day in order to provide for
peak loads during the day and week. With
hydroelectric power there is no waste of energy
and no delay in opening or closing the valves.

Whether future power is to be generated by

coal, oil or gas, or by nuclear or other energy,
it is assumed there will still be a need for hydro-
electric power for peaking. As with cooling
water, while tremendous flow of water through
the turbines may be projected, none of it is used
up and the effect on the supply of water is
merely a local diversion—between the upper end
of the penstocks and the tailwater. In shallow
reservoirs there will be no impairment in quality.
However, if the water is drawn from a deep res-
ervoir, the water discharged will be low in dis-
solved oxygen and recovery to restore the defi-
ciency will occur only after several miles of
open channel flow and reaeration below the dam.
In the event that nuclear or solar energy
could be converted economically and directly to
clectrical energy, without going through the
heat phase, then cooling water might be un-
necessary and hydroelectric power for peaking
might no longer be relatively economical. The
plan of development to the year 2000 is predi-
cated on conventional power production.

SECTION VIl - WATER QUALITY

Though the total supply of water is more than
adequate, merely requiring storage, rescheduling,
and diversion, the question of water quality re-
mains. The planned program of prevention and
abatement of pollution can help insure con-
tinued high biological and chemical quality of
water for industries, agriculture, and munici-
palities.

Continuation and greater application of soil
and water conservation measures, the continued
building of impoundments, and continuation of
the trend in land use from crops to pasture will
reduce further the presently low sediment loads
of streams in the Southeast River Basins. The
process of grading for some urban and highway
construction produces transient increases in run-
off and sediment load. The urbanization trend
may, through interbasin diversion of municipal
and process water, change the quality of a few
headwater streams. The conversion of cultivated
fields to paved areas and lawns will probably
diminish sediment load in some areas.

Use of water for cooling will raise the tem-
perature of streams locally. In the case of mod-
erate-sized plants, streams may be expected to

assume equilibrium with their environment by
heat exchange with the ambient atmosphere
radiation balance, and other factors; and the
net increase in temperature will be small. How-
ever, this may not be the case for the very large
thermal powerplants which typify present-day
practice. Serious heat pollution can result from
such installations in locations where water sup-
ply exceeds requirements by only a limited
margin.

The deterioration of water supply that has oc-
curred by the intrusion of salt water into coastal
aquifers can be eliminated or controlled through
vigilance and proper management so no deterio-
ration of ground water in this respect is projected.

A more intensive agriculture will have some
effect on water quality. In the Southeast River
Basins, there will be very little irrigation in per-
cent of total area; and almost all the irrigation
will be sprinkler-type with very little leaching.

The increased use of fertilizer and pesticides
will have an effect on water quality. Fertilizer,
in general, will have a beneficial effect on the

flora and fauna of streams. Occasional over-



growth and subsequent die off could be detri-
mental. Insecticides and herbicides, on the other
hand, may create serious pollution problems in
some localities. Presumably methods to reduce
erosion will help reduce local runoff of pesti-
cides, but it would be difficult to assess the total

large-scale effect. Use of pesticides with rapidly
diminishing properties is expected. It is assumed
that some way will be found to deal with the
problem of detergents and other chemicals which
are not now amenable to treatment by biologi-
cal processes.

SECTION VIll — FORECASTING RAINFALL AND STREAMFLOW

Introduction

If storm rainfall and subsequent flood runoff
could be forecast perfectly, and over a period
long enough, it would be feasible, in some situ-
ations, to utilize for other purposes some reser-
voir storage space which would otherwise be
held in reserve for flood control. However, even
though this might be advantageous in some
floods, it would not decrease the total flood
storage required since that is determined by the
design flood for which protection is provided.
Perfect or near-perfect forecasts are not now
possible, but forecasts that can be made have
proven invaluable in the operation of reservoir
projects.

Having no forecast, or ignoring a forecast,
does not eliminate the problem of how to oper-
ate a storage project or other use of a river. In
lieu of a forecast, the operating decision is based
on an implied assumption of some sort as to
future events.

If weather forecasts were to improve greatly,
the benefits to outdoor recreation, including
hunting and fishing, would be much more se-
cure and more definitely assured. Forecasts of
streamflow in the Ohio River are now used in
coordinating pollution abatement measures with
changes in expected flow.

There are instances where reservoir operations
have made floods worse than they would be
without the reservoir. To assure against this in
the Tennessee Valley, there has been a program
4 routinely estimating what the flows would

ivo been in the absence of the reservoirs.

Ranfall Forecasting

wtons used in forecasting weather are so
hat forecasts beyond 1 or 2 days

b advantage over the assumption

will be about normal for that

time of the year. The forecast of rain or no rain
one day in advance is right about 80 percent of
the time in most places. Recent improvement in
forecasting service has come largely from better
regional coverage, better pinpointing, more fre-
quent forecasts so as to keep up with rapidly
changing conditions, and better dissemination
of forecasts.

The chances of long-range forecasting becom-
ing dependably accurate seem now to be remote.
Satellites and radar and other recent technical
developments give greatly improved surveillance
but, as yet, very little assurance of methods for
seeing further ahead. Electronic computers now
plot weather maps and are able to do part of
the job a little better and considerably faster
than the manual methods. This gain of an hour
or two, in effect, extends the forecast range an
hour or two.

In the present status of forecasting rainfall,
most forecasters usually indicate merely whether
rain is expected or not. However, research in
quantitative precipitation forecasting has pro-
gressed to a degree which enables the Weather
Bureau to render effective assistance to reservoir
operation on the Chattahoochee, Savannah, and
other rivers. Continuation of this research holds
much promise. Another advance in forecasting
techniques is that of probability forecasts. These,
too, have shown some promise. The probability
forecast is not a sophisticated way of introduc-
ing vagueness into the forecast but is a quan-
titative means for indicating the degree of un-
certainty which nearly always attends a forecast.
For example, for some operational decisions it
would be helpful to know whether the predict-
ed rain had a 70-percent chance of occurring
versus a 30-percent chance of occurring.

We can expect over the next 30 to 40 years
that the trend of better surveillance, more fre-
quent forecasts, and better dissemination will
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continue. We can expect a trend toward better
statements of probability and improvement and
wider use of quantitative forecasts. These are
benefits to any program involving outdoor ac-
tivity. A breakthrough in quantitative rainfall
forecasting would obviously have a tremendous
beneficial effect on all water-related aspects of
the U. S. Study Commission program, but it is
not assumed that this is imminent.

Streamflow Forecasting

Until about 20 years ago, streamflow forecast-
ing was little more than predicting the rate of
movement and future configuration of flood
waves that had already formed and were moving
down from the headwaters of a river. Now flood
forecasts are made soon after the rain starts to
fall, and many hours are added to the forecast
interval.

In order to make a forecast timely, methods
are used to obtain an optimum balance between
speed and accuracy. With the advent of elec-
tronic computers, it is now possible to have
both high speed and a high degree of accuracy.
Recent experience with water-accounting meth-
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ods shows definite gains that should become evi-
dent in a very few years. How fast these gains
will be recognized and applied will depend more
on institutional factors than on the state of the
art. When these prospective gains are combined
with improved and effective use of quantitative
rainfall forecasts, the influence on river regula-
tion could be tremendous.

Future streamflow forecasts will cover a much
broader scope than forecasts of flood stage. Fu-
ture forecasts will pertain to the entire hydro-
graph, as far in advance as it will have any merit
— certainly several days and possibly weeks or
months —and will include probability state-
ments. This program will be helpful for many
purposes. In the Tennessee Valley this type of
forecasting has been in successful use for some
25 years. A daily bulletin issued jointly by the
Tennessee Valley Authority and the U. S. Weath-
er Bureau disseminates the information to the
public. Recreation and fishing interests as well
as project operators make use of these forecasts.

The implications of improved streamflow fore-
casts on the benefits of water management pro-
grams have not been examined in this study,
but they could be significant.




PART FIVE - METHODS AND CRITERIA

SECTION | — PROCEDURAL STEPS

The steps to be followed in formulating a
plan for water resources development are essen-
tially as follows:

1. Evaluate the existing water regime in terms
of drainage pattern, water areas, stream pro-
files, storage and diversions, frequencies and ex-
tremes of high and low flows, seasonal variation,
draft-storage curves, flow-duration curves, and
rating curves; and depth and yield of aquifers.

2. For each use or abatement, determine the
functional relationship between the degree to
which the water regime may be modified and
the amount of resulting benefits for each pur-
pose; stage-damage-frequency curves, area-bene-
fit curves, dollars per acre-foot, etc.

3. For each purpose, determine the approxi-
mate future need for use or abatement; popula-
tion and per capita rates, acres affected and per-
acre rates, etc. with frequency and magnitude
criteria.

4. For each area of use or abatement within a
basin, compare the future requirements with the
availability of water in its existing and ex-
pected future regime.

5. Establish the approximate magnitude and
location of storage, diversion, and other meas-
ures for a preliminary plan to meet the expected
requirements for key future dates; adding the
needs and space requirements considering joint,
alternative, and successive use of water and stor-
age space, seasonal variation in flow and needs,
using local water budgets.

6. Evaluate the changed water regime of the
preliminary plan and determine its physical feas-
ibility using a drainage area water-accounting
system based on a historical or synthetic record
covering periods of high and low flows.

7. Modify the preliminary plan so as to max-
imize the net benefits or minimize the cost, using
the functional relationships of step 2 to adjust
competing uses of water, considering seasonal
and frequency distribution of need for water, al-
ternate sources of water, alternate places of use,
and alternatives to the use of water.
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8. Examine and accommodate side effects such
as weekend holdover in hydroelectric generation,
return flow from dispersed withdrawals, reser-
voir evaporation, pumping for leveed local drain-
age, consumptive use, etc.

9. Reevaluate the modified water regime, mak-
ing sure of its physical feasibility, going through
successive stages of approximation converging
toward optimum development with optimum
distribution of water use among purposes, and
with proper scale of development.

10. Make final regional adjustment on the
basis of interbasin optimization.

In general, the foregoing steps were followed
largely qualitatively and only approximately.
Constraints included the need to work with only
knowledge and methods available at the begin-
ning of the study or which it was thought at the
outset could be completed in time, the require-
ment of estimating only for places where poten-
tial development is expected, heterogeneous
agency criteria, limited time and data, limited
precision of functional relationships, limited
precision of projected needs, the need to avoid
excessive departures from existing agency meth-
ods, and the lack of regional generalizations.
Accordingly, a high degree of detail and refine-
ment seemed unwarranted. ;

Other factors entering the decision making
process include the operation of social, institu-
tional, and other more or less intangible influ-
ences, and the degree of judgment required
which may be great where the best analytical
method is not clearly ascertained. In some in-
stances, these intangible and subjective factors
outweighed the conclusions reached or even pos-
sible by objective analysis.

A major portion of each single-purpose study
was accomplished by Federal, State, and other
authorities through agreement and transfer of
funds. This work was done according to specifi-
cations contained in a technical supplement for
cach purpose developed by the U. S. Study Com-
mission staff. These specifications provided for




scope, degree of detail, definitions, and assump-
tions and are discussed in the respective portions
of Appendix 12, Planning.

These single-purpose alternatives were ad-
justed and combined by the general procedure
outlined earlier in this Section. Some of this

process of combining single-purpose alternatives
into multiple-purpose plans was done by Federal
agencies through agreement and transfer of funds
for terminal studies according to Study Com-
mission specifications. Most of the process was
done by staff members, basin by basin.

SECTION Il - METHODS FOR SINGLE-PURPOSE FACILITIES

Flood Control and Prevention

For prevention and control of floods, the work
was divided largely on the basis of size of drain-
age area. Studies were made under agreement
with the Commission by the Soil Conservation
Service, U. S. Department of Agriculture, for
headwater areas, and by the Corps of Engineers,
Department of Army, for main stems or major
rivers. In general, the distinction between large
and small areas, separating the work of the two
agencies, came at drainage areas ranging to about
1,000 square miles. The specific division into the
two agency categories is shown on a map in-
cluded in the working papers of the Commis-
sion, but not reproduced here, which shows the
exact areas of responsibility agreed to by the
Soil Conservation Service, Corps of Engineers,
and the U. S. Study Commission.

A very important fact about planning for small
watersheds is the large number of them in the
88,000-square-mile expanse of the Southeast
River Basins area, and the practical impossibility
of dealing with them individually in this study.
Another important fact, shown in Table 3.1, is
the small amount of observed streamflow data
for small watersheds in this region.

For small watersheds a generalized approach
was used, based on analysis of more than 150
detention structures in 20 planned upstream
watershed projects in the Blue Ridge and Pied-
mont physiographic provinces in and near the
Southeast River Basins area, plus 10 watersheds
in the Coastal Plain province selected specially
for field study for development of data for gen-
eralized planning. These 10 sample watersheds
were selected by experienced agricultural people,
both local and U. S. Department of Agriculture,
Selections of the areas were made on the basis
of land use, types of flood damage, topography,
soil type, and other existing conditions. The
Public Law 566 type sample watershed detention
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structures had drainage areas from less than 1
square mile to about 15 square miles, three-
fourths of them being less than 5 square miles.

Hydrologic methods are involved in two places
in this sampling procedure. One place is in the
methods employed in the sample watersheds, and
the other place is in the hydrologic relationships
inherent in the application of conclusions from
the sample watersheds to the other watersheds.

Hydrologic methods and criteria employed in
the sample watersheds are described in the U. S.
Soil Conservation Service Engineering Handbook,
Hydrology Supplement A. By those methods a
series of annual floods is synthesized by general-
ized treatment of rainfall and watershed char-
acteristics, in which consideration is given to
antecedent moisture condition of the soil, soil
type, and type and quality of vegetative cover.
Antecedent moisture condition is given by one
of six categories, made up of three classes of 5-
day antecedent rainfall, and two classes of sea-
son, dormant and growing season. The influence
of soil type is given by selection of one of four
large categories into which all soils have been
classified.

Hydrologic effects of land use and treatment
are expressed by identifying the observed or
expected conditions in a table which gives for
each of the four hydrologic soil groups a curve
number for a variety of land use, treatment, and
hydrologic condition. Hydrologic condition is
given by adjective categories such as poor; fair,
and good.

Large watersheds have a variety of cover, soil
type, and condition; so an average curve number
for the entire watershed is obtained by determin-
ing the curve number for each incremental area,
and weighing these by size of area in proportion
to total drainage area.

In transposing sample arca data to prototype
methods were used. One

watersheds several




method was the direct transfer of data or rela-
tionships from a sample watershed to a watershed
which was regarded as similar. Another method
was the taking of pertinent data from generalized
curves with interpolation on the basis of ob-
served or estimated differences in land use, size
of drainage area, and similar information. A Soil
Conservation Service guide which was used in
this study is that where as much as 4 percent of a
planning unit watershed was in the bottom land
category, development of storage for flood pre-
vention was usually warranted. In some instances,
particularly in the Coastal Plain, the only im-
provement planned was channel work.

In transposing hydrologic relationships from
one watershed to another, two considerations are
necessary. One is the degree to which physical
relationships, such as rainfall to runoff, are ex-
pressed by the parameters used in the transposi-
tion. Such parameters are land use, soil type,
topography, and rainfall regime. The other con-
sideration is the effects of scale. The treatment of
data from small watersheds tends to emphasize
direct runoff and minimize ground water influ-
ences which are often trivial in magnitude with
respect to direct runoff. With larger watersheds
a greater proportion of runoff is delayed in pass-
ing through the soil on its way to the point of
measurement.

A typical annual flood series was obtained by
applying the procedures described briefly above
to a historical series of large rainfalls over a
recent 20-year period. Consideration was given to
time of year of occurrence of flooding. Peak flows
were determined by unit hydrograph and storage
routing, with and without watershed treatment
and detention reservoirs.

In general, a small reduction in flood peaks
was postulated for future land use conditions as
compared with present conditions. This reduc-
tion would reduce present average annual flood
damage 12 percent in each planned watershed.

For flood detention the volume of storage,
from the top of the drop inlet to the level of the
emergency spillway, was generally determined on
the basis of a 25-year flood, which was generally
about 5.0 inches of runoff for a hydrograph base
of 48 hours. For spillway design for small water-
shed dams, a full pool is assumed, and a 6-hour
storm producing 9.25 inches of runoff was the
usual criterion,

For large drainage areas, the Corps of Engi-
neers estimated flood frequency characteristics
for flood-damage sites or reaches by preparing
flood frequency curves from recent floods which
covered a good range of magnitude, or in some
instances from an array of synthetic floods which
cover a range of frequency. For areas with small
watershed projects, hydrographs from the smaller
watersheds were taken as given by the Soil Con-
servation Service, and routed by storage methods
downstream.

Average annual flood damages for large drain-
age areas were estimated by combining stage-
discharge, discharge-frequency, and stage-damage
curves to obtain damage-frequency curves, and
then integrating the area under the curves. This
procedure, applied usually to urban damage
centers, gives results different from taking the
average annual flood damage, as is done with up-
stream agricultural damage. Justification for em-
ploying the different procedures is that extreme
floods produce a major portion of the urban
damage, and agricultural damage is largely from
the repetition of lesser floods. The two methods
reflect this distinction.

In determining flood-frequency relationships,
the log-normal method was generally used, with
recognition of skew as a variable. The differences
between the results of this method and of other
methods such as Gumbel, are not great in the
present context, where the purpose does not war-
rant high precision, and where the data them-
selves do not lend precision.

Channel improvement could be classed as
either flood prevention or drainage, according to
two criteria. If the channel improvement were
independent of storage, and if the design capac-
ity corresponded to a flood of 2 years or smaller
return period, it was regarded as drainage. If
the channel work were associated with storage,
a portion of it was related to drainage on the
basis of relationship of two areas requiring project
action; one area having a drainage problem, and
the other area having a flood prevention problem.

Channel capacity downstream from a work of
improvement is an important factor, and the dis-
charge capacity of the drop-inlet spillways in the
Public Law 566 type structures range from about
10 to 100 cubic feet per second per square mile,
depending upon local conditions and increments
of standard size conduits,




Water Supply and Pollution Abatement

Projections of water needs for municipal, in-
dustrial, and individual proposes and for assimi-
lating polluted effluents were made on the basis
of extrapolating historical trends in number and
size of users and in unit rates. For municipal
use, for example, the population and per capita
consumption were projected.

Flowing water not only carries wastes but di-
lutes and stabilizes them chemically and biolog-
ically. The amount of dilution water required
for pollution abatement was estimated on the
basis of seven parts per million of dissolved
oxygen in the receiving water, the biochemical
oxygen demand of the effluent after primary,
secondary, or tertiary treatment, and maintain-
ing a minimum for the mixture of four parts
per million of dissolved oxygen.

The criterion of design frequency and dura-
tion for surface supplies and for pollution abate-
ment was taken to be the consecutive day mini-
mum flow occurring on an average of once in
10 years. These flows were estimated from a
generalized approach, based on a 61-station sam-
ple of long-record stations in the Southeast River
Basins area. The storage requirements were aver-
aged for three or four seasons, shown by a graph-
ical frequency study to have about a 10-year re-
turn period.

For ground water, the only criteria for water
supply sources were generalized designation of
areas known to have certain characteristics. In
the Piedmont and Blue Ridge provinces, the
ground water is generally good, but wells there
have small yield. A band about 40 miles wide
south of the Fall Line has high yields in some
places and low yields in others. A band about
40 miles wide along the coast has plenty of
ground water and high yields, but near known
centers of heavy pumping, salt-water intrusion is
already or soon may be a limiting factor. At a
few places near the coast, there is excessive min-
eral content. The rest of the Southeast River
Basins area generally has plenty of excellent
ground water, much of it requiring little treat-
ment for any use.

Surface water withdrawn for industries, cities,
and individual users generally returns to the
same stream from which it was withdrawn, with
slight consumptive use. Return flow of ground
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water, after its use, augments streamflow slightly.
Except in a large ridge city, such as Atlanta,
where water may be taken from one basin and
allowed to flow into another, the effects of water
use on quantity of flow may be neglected. In the
Atlanta metropolitan area about 45 cubic feet
per second taken from the Chattahoochee is dis-
charged to tributaries of the Ocmulgee River.

Navigation

Improvements for navigation include harbors,
canals such as the Intracoastal Waterway, and
streams which may be developed for either slack-
water or open-river navigation.

No important hydrologic criteria or methods
have been involved in planning harbor or level
canal navigation by the Study Commission.

Just as highway lanes and railroad gages have
been standardized, the minimum depth for com-
mercial navigation has been standardized usually
at 9 or 12 feet. Barges with small draft tend to
be uneconomical for most commercial traffic.

To maintain a minimum depth of 9 feet in a
typical Coastal Plain river requires a flow of a
few thousand cubic feet per second, and perhaps
too often excessive velocities would occur, mak-
ing upriver travel slow and uneconomical. Gen-
erally, a velocity of less than 6 feet per second at
ordinary river stage is desirable. With slack
water, vessels move from pool to pool through
locks whose operation usually requires much less
water than for open-river navigation.

For open-river navigation the costs for reser-
voir storage and channel maintenance tend to be
high and for slack water the locks and dams are
major costs. Decisions are based largely on stand-
ard hydraulics, engineering, and economics, as
described in the Corps of Engineers manuals.
The hydrology involved is little more than de-
veloping and applying draft-storage relationships,
as described in Part Three of this Appendix.

Irrigation

Methods and criteria for planning irrigation
are based largely on adaptations of Irrigation
Handbooks for the States of Alabama, Florida,
Georgia, and South Carolina published by the
U. S. Soil Conservation Service; and Section 15
of the Soil Conservation Service Engineering
Handbook. Some average cost data were supplied
by the U. S. Agricultural Research Service. De-




termination of future irrigated acreage and of
water needs for irrigation was a product of judg-
ment as to economic returns from irrigation cov-
ering the operations and maintenance costs of
irrigating certain crops and soils, and was ex-
trapolated from recent short trends.

Supplemental irrigation practices in this re-
gion, based on judgment and experience, use the
criterion of a 5-year return period, a 20-percent
chance. For convenience in generalizing, the
average annual depth of irrigation water was
about 8 inches, without regarding this value as
a standard or criterion.

In general it was assumed that much of the
water for irrigation above the Fall Line would
come from farm ponds, and below the Fall Line,
particularly in the Lower Coastal Plain, would
come fr.m pit wells and streams, relying on gen-
erally known local availability of water without
making site studies.

The sources of ground water used for irriga-
tion are too dispersed and the volume of water
used is regarded as too small in amount to limit
the general availability of ground water for other
purposes. In storing surface water to supply irri-
gation needs, generalized draftstorage curves
were occasionally used, as illustrated in Part
Three of this Appendix. Where irrigation was
one of several purposes for storing water, it was
assumed that all the needs for water would peak
at the same time. This, in effect, amounted to a
more severe criterion than one year in five, and
in some cases more severe than the probability
inherent in the draft-storage curves.

Drainage

Methods and criteria for drainage were based
largely on adaptations of the U. S. Soil Conserva-
tion Service Drainage Handbook and Section 16
of the Soil Conservation Service Engineering
Handbook. In adapting these standards to the
Southeast River Basins area, a watershed sam-
pling method, as described in the Flood Control
and Prevention Section of this Appendix, was
used.

In assessing the need for drainage, reference
was made to the land classification reported in
the U. S. Department of Agriculture Conserva-
tion Needs Inventory, which, in addition to clas-
sifying land into eight capability classes, desig-
nated certain areas as wet. This classification was
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made on the basis of 2 2 percent to 4 percent
sample of the total fand area. For land to be
classed as wet, soil sarveyors considered the lay
of the land, soil profile, and existing drainage
situation.

Of the total wetland, only a small portion is
expected to be drained by the year 2000. The
amount of land to be drained was projected on
the basis of institutional as well as economic and
physical factors. The interpretation of physical
factors was the overall judgment on the part of
experienced authorities, both local and U. S. De-
partment of Agriculture. A reason for projecting
the amount of land to be drained, instead of
basing it on economic and hydrologic site studies,
is that land drainage is largely a matter of pri-
vate initiative, and decisions would not necessar-
ily be based on objective analysis of physical
and other data.

Land Capability Classes and land use formed
the basis for determining the degree of protec-
tion to be provided in the channel design. Chan-
nel capacity was determined by the formula
Q=kM5/5, where Q is the channel capacity in
cubic feet per second, M is the drainage area in
square miles, and k is a factor related to land use.

TABLE 5.1
Values of k — Drainage Channel Capacity
Coefficient
Basin and State Land use
Crop- Pas- Range Wood-
land ture land
Savannah, Georgia = OB 34 : 15
Ogeechee, Georgia . . 58 34 g 15
Altamaha, Georgia . ... 58 34 o 15
Satilla-St. Marys,

Georgia % : ‘ 15
Satilla-St. Marys,

Florida 7Sl R 45 25 20 10
Suwannce, Georgia 58 34 15
Suwannee, Florida 45 25 20 10
Ochlockonee, Georgia 58 34 15
Ochlockonee, Florida 45 25 20 10
Apalachicola-

Chattahoochee-Flint,

Georgia 58 34 15
Choctawhatchee-

Perdido, Florida 45 25 20 10

Channel grades, side slopes, widths, and depths
follow standard hydraulic design practices as
described in the U. S. Soil Conservation Service
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Engineering Handbook. Manning’s “n” was gen-
eralized from handbook tables and judgment as
to local conditions. Care was taken to assure ade-
quate channel capacity downstream, with an
estimated return period of 2 years as a criterion.

Improved drainage would theoretically affect
the hydrologic regime by changing soil moisture,
riparian vegetation, ground water stage, runoff,
and time of concentration of drained areas. No
study was made to estimate these influences
which are presumed to be negligible except very
locally. The effect of drainage on flows and avail-
ability of water over the Southeast River Basins
has been taken to be nil.

Hydroelectric Power and
Industrial Development

Industrial development is projected on the
basis of population, resources, and economics.
The important hydrologic aspect of industrial
development in the U. S. Study Commission plan
is assurance of plenty of good quality water, re-
quiring only development and management.

For hydroelectric power generation, monetary
values have been put on projected needs for
capacity and energy. Alternative sites, heads, and
schedules of operation were considered and ob-
jective computations made of costs and benefits.
Consideration of alternatives and optimum scale
of development was carried only far enough to
demonstrate physical feasibility, provide a basis
for assessing economic feasibility, and give gen-
eral magnitude of development.

Hydrologic methods included interpolation
and extrapolation of flows at ungaged sites and
simple reservoir water budgets.

Fish and Wildlife

Preservation, protection, and enhancement of
fish and wildlife resources have been expressed
for water-oriented management largely in terms
of improving the environment for fish, waterfowl
and other game. The physical measure of im-
provement is annual user-days of hunting and
fishing. The improvement insofar as water regu-
lation is concerned is an impoundment to: (1)
Regulate flow; (2) provide additional area of
water surface; (8) provide desired salinity; and
(4) maintain quality of low flows.

Water quality is expressed in terms of main-

taining dissolved oxygen at a level of at least
four parts per million and eliminating toxic
concentrations of toxic waste.

Regulation of flow for fishing consists largely
of maintaining minimum flows for the period
May through October within the limits of about
25 percent to 75 percent of average annual flow,
when available, and allowing natural flooding
the rest of the year. For waterfowl, the low-flow
period ends earlier, with desirable bottom land
flooding starting about the first of October. Ex-
actly where, within and occasionally beyond the
limits of 25 percent to 75 percent of average flow,
the average flow is to be maintained was largely
a matter of judgment. Judgment also determined
the frequency criterion to be the 10-year return
period, or 10-percent chance, though no rela-
tionship was established showing benefits versus
degree of regulation for other than the regime
judged to be desirable.

The length of reach to be controlled and the
size of impoundment to be built depended on
fishing load in user-days per mile of stream and
per acre of impoundment. Annual user-days of
fishing per mile of stream ranged from less than
30 to more than 1,000 depending on width of the
stream and how it is to be stocked and managed.

The number of annual user-days of fishing per
acre of impoundment ranged from 5 to 300, de-
pending on how the impoundment is to be
stocked and managed, proximity to population,
and alternative fishing opportunities. Stocking
and management factors include species of fish,
access, water quality including temperature and
nutrients, and other site characteristics. These
and other factors were expressed through judg-
ment in terms of area of new impoundment
needed and minimum low flows needed for
streams.

Recreation

For water-using recreation, in addition to the
requirement of sufficiently high standards of
quality of the water for water contact sports, the
opportunity and the problem are to relate the
quantity and nature of the resource to the quan-
tity and nature of the need.

Quantitative factors in measuring water as a
recreational resource include area of water sur-
face, distribution of water depth, and rate and
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amount of water movement, both horizontally
as in a stream and vertically as with a reservoir
surface. Additional pertinent physical character-
istics of water are its color, turbidity, and tem-
perature. These factors all vary seasonally and
in other measurable ways. Measurable environ-
mental factors include shoreline configuration;
type of sand, soil or rocky material which com-
prises the shore; riparian vegetation; and esthetic
values which are not easy to measure but which
were given consideration in decision making.

Quantitative factors in measuring need for
water for recreational use include the number of
people expected to engage in various types of
activity at various times of year, the space they
need for these activities, and characteristics other
than space. For some activities the same space
can be used jointly or consecutively; combined
use by certain other activities would be objec-
tionable.

Because there is no generally recognized meth-
odology for relating recreation needs to objec-
tively defined resource capacities, the Commis-
sion sought the advice of experienced experts in
the field of recreation. The Commission findings
were based on extensive office and field studies,
which considered subjectively such factors as size
and location of population, personal income,
leisure time, esthetics, available land and water
resources, current experience, and trends.

Although density was not used as a planning
guide, density of use in the study area ranges
from less than 4 user-days per acre of water per
year in certain wilderness or swamp areas, to
more than 4,000 in certain small areas. For recre-
ational boating a criterion was chosen of mini-
mum depth of 3 feet to be maintained 9 years
out of 10. In general, decisions relating to the
number and scale of development of water re-
sources for recreational use were based only
slightly on hydrologic studies.

SECTION IIl - METHODS FOR

In planning multiple-purpose reservoirs, the
usual practice is to choose a site and preliminary
size of reservoir and to go through the operations
on paper which represent high and low inflows
and planned releases. By successive approxima-
tions, the process converges on an optimum size

5.7

Sedimentation, Salinity, and Beach Erosion

These purposes involved no significant hydro-
logic methods or criteria.

Estimates of sedimentation rates were made
for reservoir storage on the basis of the limited
information available. In general, sedimentation
rates of 10 to 100 parts per million are believed
to be typical of the Coastal Plain, and up to 10
times that for the steeper parts of the Southeast
River Basins area. Very nearly all the sediment
is believed to be suspended fine material with
low trap efficiencies. In some reservoirs, small
amounts of sediment storage were allotted; and
in others, the amount expected was regarded as
too small to take into account. No effort was
made to establish formal criteria for sediment
storage.

Beach erosion study was largely a survey of
problem areas and required no planning criteria.

Salinity of ground water due to ocean water
encroachment is becoming a serious problem in
isolated areas near the coast. Individual case
studies and establishment of criteria would be
desirable in the future for both planning and
design. Salinity of soils is a minor agricultural
problem along the coast, but the total area of the
narrow band in which this problem exists is a
small portion of the Southeast River Basins area,
and plans for land use do not require reclama-
tion or treatment of this land. No levels of
salinity were used as criteria for estimating the
magnitude of the problem.

Water quality data appear in “Water Quality
Basic Data, Southeast River Basins,” 1961. This
report was prepared for the U. S. Study Com-
mission by the U. S. Department of Health, Edu-
cation, and Welfare on a reimbursable basis.
Criteria of water quality for various purposes are
given in the water quality portion of Appendix
12, Planning.

COMBINING FACILITIES

and an optimum schedule of operation. Factors
involved are stage-area and stage-capacity curves
of the proposed reservoir; limits on reservoir
stage; scheduled, maximum, and minimum release
rates for various purposes; a realistic frequency
distribution of inflows; and proper consideration




of fullrange streamflow forecasts, which are
necessary for effective reservoir operation.

The procedure is one of reconciliation of vari-
ous needs for water and storage space, and antici-
pated available water. Those who use a reservoir
for recreation prefer that it be operated within
a small range of fluctuation, whereas operation
for hydroelectric power production necessitates
drawdowns in amounts varying with the particu-
lar reservoir. One way of resolving this difference
would be by scheduling power drawdown at a
time of year when recreational uses are at a mini-
mum. Experience with large multiple-purpose
reservoirs in the Southeast has shown that, even
in the absence of advance planning for recrea-
tion as a primary purpose, tremendous recrea-
tional uses of the reservoirs have occurred. These
uses have, on the whole, been satisfactorily com-
patible with the primary purposes such as flood
control, navigation, and hydroelectric power.
Minimum continuous flows downstream may be

required for fish and wildlife and other purposes.
Maximum releases are limited by possible down-
stream flood damages. For hydroelectric opera-
tion, the most economical scheduling is for in-
termittent releases.

Because of limitations of time and data for
planning, the Commission made no detailed
operation studies. A first approximation to reser-
voir sizing was made for several sites, and a
second approximation was made for some of
these in two systems. Before the plan is imple-
mented, more detailed work will be required.

For large structures, individual sites were con-
sidered, and in most cases, it was necessary to
estimate average and extreme flows by interpolat-
ing from nearby gage data. For small structures
in the Piedmont and Blue Ridge provinces,
which are not included as individually enumer-
ated projects, it was assumed that sites with
generalized characteristics would be available
wherever needed.

SECTION IV — SPILLWAY CRITERIA

The safety of any dam, regardless of its pur-
pose, requires a spillway which can accommodate
floodflows. Dams whose failure would be costly,
either in the loss of the dam itself or in loss of
life or serious property damage from the sudden
release of the stored water, require large and
often expensive spillways.

Inasmuch as two large rainstorms and result-
ing floods can occur in rapid succession, as exem-
plified in the September-October 1929 storms in
the Southeast River Basins area, it must be as-
sumed that storage below the spillway crest may
not be available at the time of the spillway-
design flood. The only storage would be in the
prism of water above the spillway crest.

Spillway design requires careful study of each
structure and a degree of detail neither war-
ranted nor possible in preliminary planning.
Such planning requires only sufficient detail and
precision to make sure of the physical feasibility
in terms of gross dimensions and to provide an

estimate of cost. Accordingly, a generalized ap-
proach was used by the Commission for planning
spillway capacity. Based on examination of exist-
ing criteria, historical storms, and floods, a set of
enveloping curves was derived. These curves are
shown on Figure 3.20 of this Appendix. Because
it was not expedient to route a design flood
through each prospective reservoir for a wide
range of dam heights and spillway characteristics,
the curves of Figure 3.20 show a range of values
for each major physiographic province.

The range of values within the pair of curves
for each of the physiographic regions provides
opportunity to express differences among sites
with respect to storage, location, type of spillway,
importance of the dam, and damageable values
downstream. It will be seen from the plotted
points in Figure 3.20 and from consideration of
criteria commonly used for important structures
that the planning criteria correspond to conser-
vative design criteria.
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PART SIX - CONTRACTS AND AGREEMENTS

Introduction

To assist in plan formulation, it has been
necessary to gather and interpret basic hydrologic
data. Recognizing the need to take advantage of
agency know-how and to work effectively with
limited time and staff, certain basic data have
been prepared by cooperating agencies at the
request of the U. S. Study Commission. The fol-
lowing list, by cooperators, describes briefly the
work done in compiling and presenting such data.

United States Geological Survey,
Department of the Interior

A report, Some Notes on the Influences of
Water Resources on the Economy of the South-
east River Basins, was prepared September 1959.
The report consisted of 24 dittoed pages and 9
illustrations and was prepared for the U. S. Study
Commission on a reimbursable basis. It was
based on immediately available data and in-
volved no analysis. For each physiographic pro-
vince, the occurrence of ground water and its
relation to surface water were described. Aver-
ages and extremes of flow and present develop-
ment and problems of surface water management
were given for principal streams. The report was
given to university economists cooperating with
the U. S. Study Commission for their informa-
tion and was used similarly by Commission staff
members,

A report, Hydrologic Characteristics of the
Southeast River Basins, dated 1960, is a compila-
tion of 385 pages, 176 illustrations, and 58 tables
describing the flow characteristics of the South-
east River Basins streams and ground water geol-
ogy, availability, and quality for the major
aquifers. A bibliography of some 40 citations is
included. Much of the information in this report
is summarized in Part Three of this Appendix.
The report was prepared for the U. S. Study Com-
mission on a reimbursable basis and was distrib-
uted to cooperators and staff members and used
in planning water-oriented projects and programs.

A report, Preliminary Estimate of Water Use
in Southeast River Basins, 1960, consists of 23
pages, including 1 map and 9 tables, and was pre-
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pared at no cost to the U. S. Study Commission.
It was suggested by the U. S. Geological Survey
that the Southeast River Basins be used for the
pilot region for the Survey’s 1960 water use report
and provide the U, S. Studv Commission with an
advance copy of it. The report gives 1960 water
use by basin, purpose, and physiographic region;
and distinguishes between withdrawal and con-
sumptive use, and surface and ground water
source. With changes in some of the estimated
values, the material was later published as U. S.
Geological Survey Circular 449.

A report, The Yield of Sedimentary Aquifers
of the Coastal Plain, Southeast River Basins,
dated 1961, consists of 90 pages, 13 figures, 6
tables, and a bibliography of about 20 items. The
report was prepared for the U. S. Study Com-
mission on a reimbursable basis and has been
used as a source of information on ground water
movement and for perspective in considering
ground water withdrawals.

United States Weather Bureau,
Department of Commerce

The Weather Bureau supplied at no cost
copies of unpublished streamflow forecasting pro-
cedures, hydrologic maps, and related data.

United States Public Health Service, Depart-
ment of Health, Education, and Welfare
A report, Water Quality Basic Data, Southeast
River Basins, dated 1961, is a 195-page summary
of water quality data consisting largely of tables
and maps. The compilation includes all avail-
able physical, chemical, radiological, and bac-
teriological data for both ground and surface
water in each of the eight Study Commission
basins. The report was prepared on a reimburs-
able basis and was distributed to cooperators and
staff members and used in planning projects and
programs which involved water quality.

Other Agencies

Other agencies engaged in land and water re-
source development, both State and Federal,
furnished data which were used in various studies
and in the preparation of this Appendix.




PART SEVEN - NEED FOR DATA AND RESEARCH

Introduction

Observational programs generally have the
purpose of showing or measuring the local effects
of certain structures or practices, or of covering
the country with sampling stations in a pattern
that allows no large blank spaces. Data gathering
programs, until very recently, have usually had
the objective of showing little more than the
time, spatial and frequency distributions of sin-
gle elements such as rainfall, or streamflow, or
ground water stage.

In general, the gathering and analysis of data
have been process-oriented, with emphasis on
instrumentation and methods—how to, rather
than why. Public works agencies have arranged,
in a few instances, for the data gathering agencies
to collect coordinated data for special purposes
such as design of spillways. Rarely have hydro-
logic data been observed and analyzed for the
deliberate purpose of planning for resource de-
velopment. Analysis and interpretation are fre-
quently made by agencies other than those
gathering the data. However, this has been done
by the Tennessee Valley Authority on the Beech
River Watershed in West Tennessee, an area of
300 square miles, and othe~ tributary watersheds.
The success of this and other similar programs
has amply demonstrated the desirability of hy-
drologic data collection and analysis as an im-
portant part of total resource development.

There is growing recognition of the need to
gather data which relate one element to another
and which sample physiographic and other pa-
rameters for purposes of regional generalization—
not only of data but of relationships.

Average Annual Values

An important statistic in planning is the aver-
age annual value of rainfall, runoff, evapo-
transpiration, and other major elements of the
hydrologic cycle. A regional generalization of
rainfall alone could be prepared by interpolation
of data gathered at a sufficient number of points
—merely by drawing isolines geometrically. Re-
cent refinements take into account not only the
location of stations but also their exposure with
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respect to objectively defined physiographic pa-
rameters, such as direction and steepness of
station exposure and whether the station is in a
hollow or on a plain or ridge. Similarly, with
streamflow, recent regional generalizations take
into account climate, watershed shape, and geol-
ogy and not merely the size of drainage area.

A still more refined analysis has shown promise
in the New England-New York Inter-Agency
Committee and Delaware River Basin studies in
which not only physiographic parameters were
used for individual elements but also the elements
themselves were coordinated. For example, the
average annual rainfall pattern and the average
annual streamflow or runoff pattern were derived
together, so as to represent a consistent portrayal
of their relationship. This is a new approach
which requires interdiscipline and interagency
cooperation. A nationwide extension of this type
of analysis would provide a most useful base for
water resources planning.

Relations of Ground Water
to Surface Water

A corollary to the coordinated analysis sug-
gested above is the need for better understanding
of the relationship of ground water to surface
water, particularly in regions such as the Coastal
Plain province of the Southeast River Basins,
where the distinction between these two cate-
gories of water is largely academic, yet where
planning must be done. At present, much of the
plan is contingent upon a more detailed investi-
gation to be made in the design phase.

Drouth Frequency-Area-Duration Regime

The Corps of Engineers, with assistance from
the Weather Bureau, has published a compila-
tion of storm rainfall data which defines for
hundreds of large storms their duration-area-
depth characteristics. This is an example of
purpose-oriented data processing. The purpose
was the development of flood control spillway
capacities. A similar type of compilation could
be made at the other end of the water avail-
ability spectrum to develop a portrayal of the
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drouth intensity-area-frequency-duration charac-
teristics of the United States. Studies of this type
have been made for the Tennessee Valley Au-
thority and in a few other areas.

Rainfall, soil moisture, ground water stages or
artesian pressures, and streamflow are all used
as drouth measures. Refined rainfall functions
of various kinds have been related to soil mois-
ture and are being used in forecasting stream-
flow and for planning supplemental irrigation.
Generalized functional relationships can be es-
tablished among other elements of the hydro-
logic cycle for similar purposes.

Draft Storage Frequency Generalizations

In a water supply problem, one of the methods
of ascertaining the amount of storage required
is mass-curve analysis. This can be generalized
in the form of draft-storage curves, as was done
for the 1954-56 drouth, and for the 10-year
7-day low flows, which were used in Commission
planning. A further refinement would be com-
pletion of the frequency spectrum of the draft-
storage curves. Then, instead of arbitrarily se-
lecting a 10-year, or a 1954 base for planning;
an optimum can be chosen along the frequency
scale in the light of economic analysis. Prepar-
ing consistent and valid regional generalizations
of draft-storage-frequency relationships would
not only be superior in quality to improvising
on a site-by-site basis but also in the long run
would probably be less total work.

Flood Volume Frequencies

Much work has been done with flood frequen-
cies. But nearly all the work has been related
to peak flows instead of volumes. For planning
storage, it is necessary to know the volume in
addition to the peak rate. The Corps of Engi-
neers has demonstrated, in sample drainage
areas, how frequency methods can be applied to
flood volumes for a range of duration. However,
the number of samples is too small for regional
generalization. An extension and refinement of
this work would provide a good basis for esti-
mating storage requirements in ungaged arcas
and would provide a consistent set of criteria.

Generalized Rainfall-Runoff Relationships

Rainfall-runoff relationships are needed on a
generalized basis for an increasing number of

small watersheds. For large watersheds, methods
of the Weather Bureau, Corps of Engineers, and
Bureau of Reclamation are available over much
of the United States. These are based largely on
observed data but rarely for drainage areas
smaller than 500 square miles. The Soil Conser-
vation Service uses methods which require knowl-
edge of agricultural sciences for determining
land-use influences on runoff for flood preven-
tion and drainage for relatively small areas.
Aside from need to refine and achieve agreement
on physical relationships, there is the need for
generalization for consistent planning.

Generalized Unit Hydrographs

A corollary of the need to generalize rainfall-
runoff relationships for small areas is the need
for generalized synthetic unit graphs for small
areas. In the Corps of Engineers project CW-153,
Snyder’s method has been applied widely, and
such methods could be extended for general use
in planning. The Soil Conservation Service
method of design hydrograph computations is
easily extended to the development of unit
graphs.

Generalized Reservoir Routing Methods

As the number of small detention reservoirs
increases, a need will arise for routing floods to
determine their aggregate effects over extended
distances. Instead of laboriously working up in-
dividual routings for each reservoir, it would be
useful to generalize, possibly in terms of gen-
eralized recession curves, to reflect not only the
accumulation of uncontrolled tributary inflow
with increasing distance downstieam from the
reservoir but also the peak-flattening effect of
channel storage. The recession curves might re-
flect the characteristics of various frequency cri-
teria. storage, and outflow curves of the reservoir
and also the runoft characteristics of the uncon-
tro’led arca downstream. Such a generalization
wowd be helptul for planning.

Production Functions

Production function is a term used by econ-
omists and others in referring to the relationship
between the amount of water and other re-
sources used in producing a given result. The
present state of the art of water resources plan-
ning limits the application of this technique




largely to expressions of subjective judgment.
As an illustration, it is convenient to discuss a
possible production function for supplemental
irrigation.

Irrigation in a humid region is part of a com-
plex of measures for ensuring a crop and for
increasing yields. Irrigation alone is not as ef-
fective as when combined with some optimum
amount of fertilizer, pesticides, seeding rate, and
other factors. To determine the optimum com-
bination of these factors, a multivariate analysis
would show its joint effects on crop yield.

Another example, to illustrate the utility of
a production function in water resources plan-
ning, is the relation of fish and wildlife benefits
to streamflow regime. Certain changes in stream
regime are known to damage fish and wildlife
habitat, and thought has been given recently to
artificially improving the habitat through stream
regulation. Questions to be answered are the
amount of storage and kind of control for the
best habitat and the effects of lesser or different
type of stream control on the quality of habitat.
Only by evaluating type of regime with habitat
can the optimum type of control be achieved
for best results, and in coordination with other
needs for river regulation. Much more has been
done with relation of habitat to water quality
than tc ..« of flow or to seasonal variation in
stage.

Spillway Criteria for Intermediate Size Dams

There is an unexplored area in the spillway
criteria for structures too small for consideration
of the maximum probable flood! yet too large
for any frequency criteria that can be defined
by existing record lengths. Most flood frequency
methods employ distributions that have no
asymptote, yet there is a ceiling imposed by the
conventional maximum probable flood. This is
a difficult problem, and it involves many dis-
ciplines, yet it must be faced. At present, the
burden is placed on some adjective hazard cate-
gory with corresponding design criteria, such as
half or three-fourths of the maximum probable.

! The “maximum probable flood” is here used to mean
the most severe flood with respect to flood peak that may
be expected from a combination of the most critical
meteorological conditions that are reasonably possible
on the drainage basin. Hydrometeorological Report No.
33 by the Weather Burcau gives the basis for estimating
the discharge of such a flood.

There might be some economy with a continuous
scale and a more rational basis than with broad
adjective categories.

Operations Research

Operations research, such as that stemming
from Water Resource Seminars at Harvard Uni-
versity, has as yet had relatively little practical
application but should be continued. In plan-
ning, much reliance is often placed on judgment
—not only as to the magnitudes of pertinent
factors but also as to the manner in which they
are combined to make a decision. A discipline
and procedure are necessary so that judgment
can be distinguished from other ingredients that
lead to decision making, so that reviewers of a
plan can evaluate the considerations instead of
merely the conclusion, and so that new planners
can be trained systematically instead of requir-
ing years of experience. Such research would in-
clude evaluation of forecasting and of proper
balance between data and analysis for regional
generalization.

Federal-State Cooperation

Some Federal agencies have authority to ac-
cept money from States to make special observa-
tions. In this way, special local requirements can
be met and the local beneficiaries properly share
a major part of the cost. Other Federal agencies
do not have this authoricy, and serious prob-
lems arise where there is a local need for special
observations or services which require standard
methods or instruments, yet the local benefici-
aries can only press for favored allocation of
federally financed programs. It would further
the hydrologic basis for planning, if authority
such as some agencies have was extended to
other Federal agencies.

Water Quality Studies

Much of the foregoing discussion of need for
data and research with respect to availability and
management of water applies as much to quality
of water as to quantity. It is important to main-
tain a continuing program of field observation
and labor: .ory analysis of quality of surface and
ground water. The effects on water quality of
multiple-purpose projects and other programs
which use or affect water quality should be ex-
amined in the process of pianning and design.
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PART EIGHT - BIBLIOGRAPHY

Introduction

An effort has been made to study every pub-
lication which would be helpful in supplying
data or methods for (1) evaluating the climatic
and water resources of the study area; (2) under-
standing the status and operations of existing
projects, programs, and investigations; (3) as-
sessing present and future water use and prob-
lems; and (4) examining criteria and methods
commonly used by agencies in planning and
managing water resources. Several hundred scien-
tific papers, professional reports, data compila-
tions, agency manuals, and other sources were
studied and are cited on cards in the working
papers of the Commission. In addition, much
open-file data were made available for study.
Much of the material examined was digested in
a way that would make direct reference inap-
propriate. In many instances the development
of information required examination and weigh-
ing of selected portions of several sources.

Basic Data

Published data are available generally in peri-
odicals of the U. S. Geological Survey dealing
with surface water supply, quality of surface
waters, water levels, and artesian pressures; and
in the U. S. Weather Bureau publications on
climatic summaries and local climatic data. Such
data also appear in various other compilations
and summaries of these basic-data agencies.

In addition to the basic data and summaries,
these agencies have prepared analyses and inter-
pretation of data, some of which were specially
pertinent to this Appendix and are listed below.

U. S. Geological Survey. USGS Circular No. 449, Pre-

liminary Estimate of Water Use in Southeast River Basins
1960, Washington, D. C., 1961.

U. S. Weather Burcau. Research Paper No. 34, Predict-
ing the Runoff from Storm Rainfall, Washington, D. C.,
1951.

U. S. Weather Bureau. Technical Paper No. 36, North
Atlantic Tropical Cyclones, Washington, D. C., 1959.

U. S. Weather Burcau. Technical Paper No. 37, Evapo-
ration Maps for the United States, Washington, D. C.,
1959,
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U. S. Weather Bureau. Technical Paper No. 40, Rain-
fall Frequency Atlas of the United States, Washington,
B. C., 196).

U. S. Weather Bureau. Hydrometeorological Report No.

33, Seasonal Variation of the Probable Maximum Precipi-
tation Fast of the 105th Meridian, Washington, D. C,,
19%6.

U. S. Public Health Service. Water Quality Basic Data,
Southeast River Basins, 1961.

U. S. Geological Survey. The Yield of Sedimentary
Aquifers of the Coastal Plains, Southeast River Basins,
Joseph T. Callahan, 1961.

Methods, Programs, and Criteria
of Federal Agencies

Methods and criteria of the Corps of Engi-
neers and Soil Conservation Service are given in
many volumes of engineering manuals, hand-
books, and other guyides. In addition to these
sources, the Corps oI Engineers, for example,
has reported on investigations, of which the fol-
lowing publication is cited, Storm Rainfall in
the United States, Washington, D. C., 1945. A
useful summary of Federal agency programs re-
ferred to in preparing this Appendix is the re-
port and the various prints of the Senate Select
Committee on National Water Resources, Wash-
ington, D. C., 1961.

Scientific @d Professional Publications

Many or, zations publish results of investi-
gations rel:%> water. resources dcvelopmem;
the American Society of Civil Engineers and the
American Geophysical Union are particularly
noteworthy. Papers of these organizations which
were used directly in this Appendix include the
following:

Journal of Geophysical Research of the American Geo-
physical Union. Water Deficits and Irrigation Require-
ments in the Southern United States, van Bavel, C.H.M.,
No. 10, 1959.

Transactions, American Society of Civil Engineers,
Flood-Control Operation of Tennessee Valley Authority
Reservoirs, Rutter, Edward J., Paper No. 2443, v. 116,
1951.

State Publications

States in the study area publish bulletins, cir-
culars, reports, and newsletters through their ag-




ricultural experiment stations, water commis-
sions, and other organizations. Some of these
publications are periodicals, such as the Georgia
Mineral Newsletter, and others are the results
of special investigatioi . Examples of noteworthy
State publications follow.

Geological Survey of Aiabama, Special Report 20, Water
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Resources and Hydrology of Southeastern Alabama, 1949,
prepared cooperatively by U. S. Geological Survey.

Florida Water Resources Study Commission Report to
the Governor of Florida and the 1957 Legislature, Florida’s
Water Resources, 1956.

Georgia Department of Mines, Mining, and Geology,
Georgia Geological Survey Bulletin No. 63, The Auvail-
ability and Use of Water in Georgia, 1956, prepared co-
operatively by U. S. Geological Survey.
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FOREWORD

This Appendix supplements the Report and
the other appendixes by setting forth the back-
ground data of the engineering studies, the
standards used, the procedures followed, and the
costs determined as a result of the studies.

This Appendix is presented in six parts. Part
One gives the basis for the engineering studies
and a brief description of the study area from
the engineering standpoint. Part Two deals with
the general geology of the Southeast. Part Three
covers maps and their uses; Part Four describes
such engineering procedures as site investigation,
site selection, and design; and Part Five presents
the bases for cost estimating for various purposes,
the sources of data, and devices used. Part Six
summarizes estimated costs by purposes and by
basins. The matter contained herein is pertinent
to the comprehensive plan. The reader is urged
to consider the Report in the aggregate rather
than to consider selected material out of con-
text.

The Report of the United States Study Com-
mission summarizing the plan for the Southeast
River Basins was made in response to the pro-
visions of Public Law 85-850 (72 Stat. 1090)
dated August 28, 1958, which established the
United States Study Commission, Southeast River
Basins. Public Law 85-850 is reproduced in Ap-
pendix 13.

The authorizing Act provided for an inte-
grated and cooperative investigation to formu-
late a comprehensive and coordinated plan for:

(1) Flood control and prevention;
(2) domestic and municipal water supplies;

(8) the improvement and safeguarding of
navigation; ‘

(4) the reclamation and irrigation of land,
including drainage;

(5) possibilities of hydroelectric power and
industrial development and utilization;

(6) soil conservation and utilization;

(7) forest conservation and utilization;

(8) preservation, protection, and enhance-
ment of fish and wildlife resources;

iii

(9) the development of recreation;
(10) salinity and sediment control;

(11) pollution abatement and the protection
of public health; and

(12) other beneficial and useful purposes not
specifically enumerated in the Act.

The comprehensive plan for the Southeast
River Basins was formulated to meet the needs
of the area for land and water resources devel-
opment to the year 2000. Projects and programs
existing and under construction in 1960 are in-
cluded in the plan, but only 1960-2000 develop-
ments are analyzed.

The plan for the development of the resources
of the Southeast River Basins is the result of co-
operative work of Federal, State, and local and
private agencies having interest in the area and
knowledge of its needs and requirements. Public
hearings were held early in the planning process
to obtain firsthand knowledge of conditions and
problems in the study area and to secure sug-
gestions for their solution. Throughout the study,
liaison was maintained with interested groups
and agencies by means of conferences and com-
mittee and advisory group meetings. When a
tentative plan was developed, public presenta-
tions were made by the Commission to inform
interested persons and organizations and to re-
quest comments. These comments were consid-
ered in preparing the final plan and Report.

Although many individuals, groups, and agen-
cies have participated in the studies, the Com-
mission takes full responsibility for the plan
and for the projections, assumptions, and analy-
ses on which it is based.

The Commission plan for the Southeast River
Basins is supported by data contained in 13
appendixes. Data on the plan for development
of the resources in the eight geographic areas
studied in the Southeast River Basins are con-
tained in Appendixes 1 through 8. Technical
data and information applicable to both the en-
tire study area and the several geographic areas
are contained in Appendixes 9 through 13. The
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PART ONE - INTRODUCTION

In carrying out the purposes of Public Law
85-850, engineering and cost estimating studies
were made by both the Commission and coop-
erating agencies to formulate, evaluate, and se-
lect projects and programs for inclusion in the
comprehensive plan.

A high degree of accuracy in engineering in-
vestigations, with the time and expense neces-
sary to attain it, is not warranted for a study of
this nature. The engineering procedures used
reflect this policy in many instances by utilizing
experience curves and other short-cut methods
in general use for reconnaissance studies. In
those cases where more detailed designs and
estimates were available or could be readily ob-
tained, they were used in the studies.

In general, information on subsurface condi-
tions was obtained from available data rather

than from special geologic investigations at proj-
ect sites. Project layout and design followed
conventional patterns. Estimates were generally
based on costs of similar work in this area with
modifications as necessary to suit conditions at
sites considered and for adjustment to the Janu-
ary 1960 price level adopted.

The study area presents a favorable picture
to the engineering designer and the construction
engineer, except for foundation conditions in

some arcas. Construction materials are generally

found within reasonable distances and the trans-
portation network is adequate for delivery to
most sites. Labor is available at wage rates be-
low the United States average, and the lack of
extreme cold weather permits year-round con-

struction activity.

sl




PART TWO - GEOLOGY

The area of the Southeast River Basins in-
cludes portions of three major geologic provinces,
the Blue Ridge, the Piedmont, and the Coastal
Plain.

The Blue Ridge province extends only a short
distance into the northern portion of the study
As part of the Appalachian Mountain
chain, it is underlain by highly metamorpho-
sized quartzites, phyllites, gneisses, schists, and
other complex metamorphic rock. The rivers
have incised deep valleys in this rock, providing
excellent damsites, some of which have already
been developed. Some weathering and jointing
of the bedrock is normally encountered, but such
foundation defects can be corrected by cus-

area.

tomary good foundation treatment procedures.
In general, the rock is satisfactory for dam foun-
dations.

The Piedmont province is underlain by meta-
morphic and igneous rocks. The metamorphic
rock is an intricate series of gneisses, schists, and
complex intermediate types. The igneous rock
is generally granite intrusives with some minor
diabase dikes. Damsites in this area, where the
stream valleys are wide, normally require earth
embankments extending from the river section
to the abutments. Deep-rock weathering occurs
in many places, requiring excavation to consid-
erable depth to reach a suitable foundation.
With the weathered rock removed, the founda-

tion rock is hard and sound and, except for local
jointing, requires a minimum of remedial treat-
ment.

The rock underlying the Coastal Plain is
marine sediment varying from the oldest, or
Tuscaloosa formation, at the contact with the
Piedmont, through progressively younger sedi-
ments toward the Atlantic Ocean and the Gulf
of Mexico. The materials vary from unconsoli-
dated sands and clays through partially consoli-
dated sandstones, claystones, and various tex-
tured limestones. Arcas of hard limestone are
mostly localized. Because of the broad river val-
leys, dam construction in this area requires long
carth embankments to tie the river sections of
the dam to the abutments. By careful site selec-
tion it is sometimes possible to found dams on
limestone or on partially consolidated sediments
such as claystone, siltstone, or chalk. Where no
consolidated material can be found, structures
are often founded on bearing piles, with a steel
sheet piling cutoff through the pervious material.
Specialized foundation treatment is frequently
necessary to provide adequate dam foundations
this Cavernous limestone
are common near the Gulf of Mexico and for

in area. formations
considerable distances up the valleys of the rivers
emptying into the Gulf. Such formations re-
quire extensive grouting.




PART THREE - MAPS AND MAPPING

The entire study area is covered by topo-
graphic maps produced by the Army Map Serv-
ice, Corps of Engineers, U. S. Army. These maps
are published and distributed for civilian use
by the U. S. Geological Survey. The scale is 1
to 250,000, about 1 inch = 3.94 miles, and the
contour interval is generally 50 feet, with some
supplementary 25-foot contours. In certain
mountain areas the contour interval is 100 feet.
The sheet size is 24 inches by 34 inches. Each
sheet covers 1° of latitude and 2° of longitude.
Woodlands are shown by a green overprint. Maps
in the 1:250,000 scale series are designated by
name and number as shown on Figure 3.1.

In addition to the 1:250,000 scale quadrangles,
the Geological Survey is making, as a continuing
program, a series of larger scale topographic
maps to cover the United States, Puerto Rico,
and the Virgin Islands. Completed maps in this
series which provide coverage in the study area
were used extensively by the Commission staff
for site location and other purposes. Under the
general plan adopted, the unit of survey is a
quadrangle bounded by parallels of latitude and
meridians of longitude. Quadrangles covering
7l5-minutes of latitude and longitude are pub-
lished at the scale of 1:24,000, 1 inch = 2,000
feet; or 1:31,680, 1 inch = 14 mile. Quadrangles
covering 15-minutes of latitude and longitude
are published at the scale of 1:62,500, 1 inch =
about 1 mile, and quadrangles covering 30-min-
utes of latitude and longitude are published at
the scale of 1:125,000, 1 inch = about 2 miles.
A few special maps are published at other scales.
Each quadrangle is designated by the name of
a city, town, or prominent natural feature shown
on it. The maps are printed in three colors with
cultural features and lettering in black, water
bodies and streams in blue, and contour lines in
brown. On some maps additional colors are
used, such as green for woodland and red for
highways.

The contour interval of the 7l4- and 15-
minute quadrangles varies with the scale of the
map and the relief of the terrain. It is generally
10 feet except in the rougher terrain where a
20- 40- or 80-foot interval is used. The 30-minute
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quadrangles generally show 50-foot or 100-foot
contours.

Tables 3.1 and 3.2 show index numbers and
titles of the harbor and Intracoastal Waterway
charts and the coast charts shown on Figures 3.5
and 3.6, respectively. These charts are published
by the U. S. Coast and Geodetic Survey and may
be obtained from the headquarters of that
agency, Washington 25, D. C., or from distrib-
utors such as marine supply houses in port cities.

TABLE 3.1
Harbor and Intracoastal Waterway Charts

Number

Title

440 Savannah River and Wassaw Sound

573 Ossabaw Sound and St. Catherines
Sound

571 Sapelo and Doboy Sounds

575 Altamaha Sound

147 St. Simon Sound, Brunswick Harbor
and Turtle River

1448 St. Andrew Sound and Satilla River

453 Fernandina Harbor to King Bay

577 Nassau Sound to Jacksonville

569 Approaches to St. Johns River, St.
Johns River Entrance

839 Port Royal Sound to Johnson Creek

840 - Johnson Creek to Brunswick River

841 Bruswick River to Nassau Sound

842 Nassau Sound to Mantanzas Inlet

484 St. Marks River and Approaches

865 . St. George Sound to Apalachicola
Bay

866 Apalachicola Bay to Lake Wimico

867 . Lake Wimico to Overstreet and St.
Joseph Bay Entrance

868 . Overstreet to St. Andrew Bay

869 . St. Andrew Bay to West Bay Creek

870 West Bay Creek to Choctawhatchee
Bay Entrance

871 Choctawhatchee Bay Entrance to
Pensacola

872 Pensacola to Bon Secour Bay

189 St. Andrew Bay

190 Pensacola Bay

113 Pensacola Bay Entrance
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The Atlantic and Gulf coasts, including the
harbors and the Atlantic and Gulf Intracoastal
Waterways, are covered by charts issued by the
U. S. Coast and Geodetic Survey. Coast charts
are prepared at a scale of 1:80,000 and harbor
charts generally at 1:40,000 or 1:20,000. Where
greater detail is desirable some harbor charts
have scales of 1:15,000 or 1:10,000. Intracoastal
Waterway charts are at 1:40,000 scale. All charts
show water depths, navigation aids, and coastal
landmarks.

TABLE 3.2
Coast Charts

Number Title

1240 _____ St. Helena Sound to Savannah River
12400 Tybee Island to Doboy Sound
1242 ____ Doboy Sound to Fernandina

12430 o= Amelia Island to St. Augustine
1259 — Crystal River to Horseshoe Point
12600 Horseshoe Point to Rock Islands

) 247 Apalachee Bay

12625 — - Apalachicola Bay to Cape San Blas
1263 ______ St. Joseph and St. Andrew Bay
12647 Choctawhatchee Bay

1265 Pensacola Bay and Approaches

Much of the study area, mostly in Alabama
and Georgia, lacks coverage by any U. S. Geo-
logical Survey topographic maps except the
1:250,000 scale quadrangles. The remaining area
is nearly all covered by either 714-minute or 15-
minute quadrangles or both. Some of it has
30-minute coverage only, and some 30-minute
coverage is provided for areas which are also
shown on the more detailed maps.

Highway maps are issued by the State highway
authorities for each State and for each county.
Highway maps published by oil companies also
have been used extensively. All of these highway
maps are generally dependable for road systems
and town locations but are not suitable for uses
requiring accurate location of physical features,
particularly streams.

The Corps of Engineers District Offices in
Savannah, Georgia; Jacksonville, Florida; and
Mobile, Alabama, have produced many maps
for their own purposes which have been useful
in the studies. These include the “Project Maps”

in separate volumes by Engineer Districts and
the maps shown in the reports by States entitled
“Water Resources Development by the U. S.
Army Corps of Engineers.”

The Commission prepared maps for prelim-
inary use in report drafts, for such purposes as
public presentations, Commission and group
meetings, and for reproduction in final form in
the Report and the appendixes.

Some have been prepared by cooperating
agencies for preliminary and information pur-
poses. In 1959, the U. S. Geological Survey made
under a reimbursable arrangement a base map
of the study area in color, with a relief overlay,
which was used as the base for many of the pre-
liminary and study maps as well as those appear-
ing in the Report. The Department of Agricul-
ture furnished maps delineating watershed plan-
ning units and land resource areas. In a few
cases maps have been prepared for the Com-
mission by commercial drafting services.

Aerial photographs have been utilized to a
considerable extent in site studies. They have
been useful in conjunction with available topo-
graphic maps, particularly those made from
older survey data. The Commodity Stabilization
Service and Soil Conservation Service of the
U. S. Department of Agriculture have complete
aerial photo coverage of the study area. The
Corps of Engineers has aerial photographs of a
number of areas in connection with construction
projects. These photographs, which include civil
works project sites and some military installa-
tions, have been available for use by the Com-
mission.

The best available geologic maps of the South-
east River Basins area are the Geologic Maps
prepared by the U. S. Geological Survey and the
States of North Carolina, South Carolina, Geor-
gia, Alabama, and Florida. Although these maps
have not been revised for many years, they pro-
vide a general picture of the many geologic for-
mations. Some detailed geologic work including
mapping has been done in local areas, generally
by students studying for higher degrees in geol-
ogy. Such mapping is generally not applicable
to any proposed site. Information on geologic
data for local areas was obtained from the State
Geologists, who are familiar with all geologic
mapping which has been accomplished in their
respective States. Adequate geologic mapping
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for individual site studies was generally not
available and should be made separately for
cach site by detailed field investigations.

The U. S. Geological Survey made especially
for the Commission four maps showing locations

of economically important deposits of metallic
and nonmetallic minerals, organic fuels, and
construction materials,

The topographic maps published by the U. S.
Geological Survey and which may be obtained
from the headquarters of that agency, Washing-
ton 25, D. C., have been utilized more exten-
sively than any others, principally because of
the topographic detail shown. The 1:250,000
scale quadrangles, the only ones which provide
coverage for the entire study area, are adequate
in both scale and contour interval for limited
purposes. Surveys from which revisions of these
maps have been made date from 1950 to 1957.

The 30-minute maps which, in some parts of
Alabama and Georgia particularly, provide the
only coverage on a scale larger than 1:250,000,
are generally very old. In most cases the date of
survey is prior to 1900. Many were made from
surveys prior to 1896 when reconnaissance meth-
ods were widely used. Data shown on these 30-
minute quadrangles were used with caution and
were generally verified by other maps or by field
observation.

The 15-minute and 714-minute quadrangles
show data based for the most part on surveys
made since 1941. However, most of the 15-min-
ute quadrangles east of longitude 82°30” and two
quadrangles in central Georgia are based on
surveys made between 1909 and 1941.

The 15-minute and 7l4-minute quadrangles
are generally adequate in both scale and contour
interval for determining drainage areas, reser-
voir areas, and location of structures to the de-
gree of accuracy needed for this Report. The 30-
minute quadrangles are generally inadequate in
these respects.

State highway maps, coast charts, and special

maps were generally adequate for the purpose
for which they were used.

To provide the control desirable in connec-
tion with a program to correct mapping defi-
ciencies in the study area to reasonably adequate
standards is estimated by the U. S. Geological
Survey to require more than 2,300 marked con-
trol stations for horizontal control and about
15,000 linear miles of leveling for vertical con-
trol. A total of about 325 man-years would be
required to complete the work.

Nearly every aspect of the studies on which
the Report is based has involved the use of maps,
either as aids in making the studies or as a
means of showing the results. In using maps as
aids, it has been necessary to consider the ac-
curacy and completeness of the data shown, with
particular attention to date of survey, scale, and
contour interval. The best available maps cover-
ing portions of the study area adequately meet
national map accuracy standards, but those cov-
ering most of the study area are only fair to
good in reliability. However, independent checks
of features critical to any project being consid-
ered were generally made. Coast charts are gen-
erally kept up to date and information thereon
was accepted with due consideration to the
dates shown for soundings.

Topographic maps were essential in dam and
reservoir studies to determine drainage areas
and the location of structures. Relocations were
determined by reference to State highway and
other maps.

Maps were used to show graphically the ma-
terial presented for most purposes considered in
the Commission studies. Standard base maps of
the study area and for each basin were prepared
by the Commission for use throughout the Re-
port and its appendixes. Material pertinent to
the various purposes is shown by means of repro-
duction of the base maps with overlays and
appropriate modifications and by other maps
specially prepared.




PART FOUR - ENGINEERING PROCEDURES
SECTION | — SITE INVESTIGATIONS

Site investigations for specific projects were
made where economic studies indicated a need
for such projects now or by the year 2000. Engi-
neering and economic feasibility were consid-
ered for each project. Alternative means of meet-
ing the needs by either a single-purpose or a
multiple-purpose project were investigated.

Since dams and reservoirs are prominent
among the construction projects considered in
the plan, this type of project is used as an ex-
ample of site investigation procedures. Similar
procedures, adapted to the purpose involved,
were used for other types.

For the most part, reliance was placed on ex-
isting data such as geologic and topographic
maps, published or estimated hydrologic infor-
mation, and known conditions at nearby proj-
ects. Hydrologic information included U. S.
Geological Survey publications such as “The
Availability and Use of Water in Georgia;”
“Water Resources and Hydrology of Southeast-
ern Alabama;” “Flow Duration of Georgia
Streams,” prepared in collaboration with the
State of Georgia; “Compilation of Records of
Surface Waters of the United States through
September 1950,” Parts 2A and 2B; and the an-
nual periodical “Surface Water of the United
States,” Parts 2A and 2B. Appendix 10 provides
more detailed information on hydrology.

The results of extensive investigationis by
other agencies for proposed construction, and
actual agency plans for construction, were util-
ized in studying similar sites. These data are
useful in evaluating foundation conditions likely
to be encountered, specific streamflow character-
istics, availability of construction materials, and
other aspects of the site. Agency plans for similar
construction were helpful in indicating suitable
site layouts and structure design and in esti-
mating costs.

Much basic data pertinent to site investiga-
tions were compiled during the study. This in-
cluded information on stream and soil charac-
teristics and the location of transportation
routes, bridges, powerlines, and pipelines.
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In August of 1961, the Commission negotiated
a contract with George Aase and Associates of
Tallahassee, Florida, a consulting firm specializ-
ing in the geologic aspects of engineering. The
contractor provided reconnaissance geologic in-
formation along a proposed barge canal route
following the Gulf coast from St. Marks to the
Suwannee River. Under the contract auger holes
were drilled to bedrock, or to a depth of 20 feet
in overburden, in a series of cross sections nor-
mal to the canal center line. Each cross section
contained three to five holes at maximum inter-
vals of one-quarter mile. Results were plotted
on plan and profile sheets and summarized in a
report to the Commission. The report and sup-
porting data were used as basic information in
comparing cost estimates for evaluation of the
proposed canal.

Field work in connection with many site in-
vestigations was of a very preliminary nature.
Cursory field inspection to supplement map data
was considered sufficient in many cases. Some
elevations were determined barometrically and
by hand levels. In the case of dam and reservoir
projects, cooperating agencies making terminal
studies were furnished general guidelines for site
investigations. See Section IV—Terminal Studies.

For some sites investigated, much detailed in-
formation resulting from studies by other agen-
cies is available. Such information, including
reports made by cooperating agencies for other
purposes, was used in the study.

After preliminary selection of a site from maps,
and such field checks as appeared desirable, the
project was further investigated by more de-
tailed office studies. Using a dam and reservoir
project as an example of the procedure, the
drainage area was first determined by map meas-
urements or from published data. Then areas of
the reservoir for a range of pool elevations were
determined by planimetering from available
contour maps and capacities were computed.
Arca-capacity curves were drawn and layouts of
the principal structures and relocations were
made for selected pool elevations.

e




SECTION II - SITE SELECTION

Some sites were quickly eliminated by an in-
spection of the layout on a topographic map or
by considering available physical data. For ex-
ample, proposed sites on which dam and reser-
voir projects would cause extensive flooding of
urban land or which are believed or known to
be underlain by a cavernous limestone were
ordinarily eliminated. Inland navigation proj-
ects for which streamflow records indicated that
water was not available for normal lock opera-
tion or open river navigation were also elim-
inated.

Some sites which appeared desirable and satis-
factory by map inspection and consideration of
best available data were later eliminated after a
field inspection. This was often because of the
inadequacy of the available maps, which either
did not show enough detail or were based on
outdated surveys. As another example, a pro-

SECTION

Project design at each site considered was lim-
ited to the detail necessary to demonstrate the
possibility of an effective plan of development,
to give a reasonable comparison with alterna-
tive sites, and to provide a basis for cost esti-
mating.

Cooperating agencies making terminal studies
followed the policies and procedural guidelines
adopted by the Commission, as stated in Sec-
tion IV — Terminal Studies. Such detailed de-
sign requirements as were considered necessary
to attain reasonable uniformity in the studies
are also given in Section IV.

Corps of Engineers practice in the Southeast
governed design of navigation locks and chan-
nels and was also used generally for the larger
earth dams, concrete dams, and spillways. Soil
Conservation Service standards were used for
small impoundments. Recreation facility de-
signs were adapted from recent practice of sev-
eral agencies, including the Department of Agri-
culture, the Corps of Engineers, and the National
Park Service. Guidelines provided in publica-
tions of the National Conference on State Parks

posed fish and wildlife impoundment was elim-
inated after the field inspection revealed that
the site appeared to have more value in its
natural state than it would have with the im-
poundment.

It is possible that some sites which appeared
clearly unsatisfactory by map inspection, and
were rejected on that basis, would prove feasible
upon more detailed inspection. However, the
scope of site investigation included allowance for
considerable margin of error to take account of
such a possibility.

In the final selection of a project site, a cost
and benefit comparison was usuaily the decid-
ing factor, although elimination on this basis
could take place at any step in the selection
process if excessive costs or meager benefits were
clearly apparent at that point.

Il - DESIGN
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were also utilized. The Bureau of Public Roads
standards and appropriate State highway stand-
ards were used for highways and bridges. In
cases where earthfills for highways were to be
used also as impoundment structures, the em-
bankments were considered as earth dams and
were so designed. Guidelines with respect to
engineering design standards for fish and wild-
life facilities were obtained from the cooperat-
ing State and Federal conservation agencies.
These include the Bureau of Sport Fisheries and
Wildlife, the Bureau of Commercial Fisheries,
and the State game and fish departments of
South Carolina, Georgia, Florida and Alabama.
In all project planning design, recognized and
proven modern methods conforming to good
engineering practice were used. The limited de-
tail of the work necessary to accomplish the de-
sired purpose did not warrant extensive investi-
gations of new and unproved procedures, al-
though novelty alone did not rule out their use.
The typical structures and systems shown on
Figures 4.2, 4.3, 4.4, and 4.5 are for general
information only and are not drawn to scale.
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SECTION IV — TERMINAL STUDIES

The following policies and procedural guide-
lines were applicable in the order listed for
guidance in the planning of projects and pro-
grams for resource development:

1. U. S. Study Commission statements of
policy.

2. Functional and Basic Work Plans, Tech-
nical Supplements, and Work Agreements or con-
tracts and written instructions from the Office of
the Executive Director, U. S. Study Commission.

3. Report of the Federal Interagency Com-
mittee on Water Resources, “Proposed Prac-
tices for Economic Analysis of River Basin Proj-
ects,” prepared by the Subcommittee on Evalua-
tion Standards, May 1958, commonly referred to
as “The Green Book,” for economic aspects of
planning only.

4. Agreements between agencies having pri-
mary interest in the matter under consideration,
other than jurisdictional.

5. Manuals or other policy and procedural
statements of the cooperating agency.

6. Current practices of the cooperating agen-
cy.

A staff section of sufficient size to make all site
investigations, preliminary designs, and cost esti-
mates was considered unwarranted. The time
period necessary to organize and train such a
section would have delayed the studies, and con-
siderable expense would have been involved in
acquiring qualified personnel for a compara-
tively short time. For these reasons agreements
were made with existing Federal agencies to per-
form such work in accordance with guidelines
established in work plans and technical supple-
ments for terminal studies.

The U. S. Department of Agriculture, Soil
Conservation Service, and the U. S. Army Corps
of Engineers were the lead agencies in the ter-
minal studies for multiple-purpose dam and
reservoir development and made required site
investigations. Cited below are pertinent guide-
lines, criteria, and detailed requirements ex-
cerpted from the technical supplements to a typi-
cal work plan for dam and reservoir project in-
vestigation by the Corps of Engineers. Studies
designated Phase I were preliminary appraisals.
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Those designated Phase I1 were studies of sites
selected for further investigation as determined
from the results of Phase I studies. Designations
refer to terminal study phases only and not to
phases of the plan.

Phase |

Guidelines and Criteria

1. Inasmuch as all the details are not given,
the Corps of Engineers will exercise its best
judgment to accomplish the work and to main-
tain the various parts of the study in relative
balance.

2. U. S. Army Map Service and U. S. Geo-
logical Survey maps, and any other maps in the
files of the Corps of Engineers, will be used to
the greatest extent possible in the studies.

3. No subsurface explorations are contem-
plated for the studies. The use of available geo-
logic and subsurface information is encouraged.

4. Corps of Engineers criteria will be used if
no specific provision is applicable from the U. S.
Study Commission outline of priorities on poli-
cies and procedural guidelines.

5. Consideration will be given to the dual
use of proposed roadfills for highway and dam
purposes. Such proposed construction should be
designed for dam and road use.

6. No surveys will be made at potential dam
and reservoir sites where adequate survey data
are available. Army Map Service and U. S. Geo-
logical maps with contours at intervals of 10
feet or less are considered adequate for study
purposes, and these maps may be used unless
more detailed maps are available.

7. Cross-section surveys at the damsite and
pool elevations at pertinent reservoir points will
be made at only those potential dam and reser-
voir sites where adequate contour maps are un-
available, and which have been approved for
survey by the U. S. Study Commission after the
sites have been reconnoitered. The survey will
be made as outlined in this technical supplement.

8. Up-dated estimates of costs for sites previ-
ously studied will include prices and quan-
tities which have been adjusted so that they




represent January 1960 prices and present-day
conditions at the site. If new roads, railroads,
etc., have been constructed in the reservoir area
since the previous study was made, the reloca-
tion costs for these facilities will be included in
the estimate of cost. Conversely, the costs previ-
ously included for relocations or adjustments of
roads, railroads, etc., now abandoned will be
deleted from the estimate.

Detailed Requirements

I. The location of dam and reservoir sites
will be shown on U. S. Geological Survey topo-
graphic maps or other suitable maps. In areas
covered only by U. S. Geological Survey maps
at a scale of 1:250,000 and contours at intervals
of 50 feet or more, it will be necessary for staff
representatives of the Corps of Engineers to
make field reconnaissances to determine the most
suitable location for each site.

2. The drainage area above each damsite
considered will be determined. Area and capac-
ity curves wiil be prepared for the sites for which
there are suitable maps for this purpose. Data
available from previous studies will be used,
avoiding duplication of effort.

3.  All dam and reservoir sites considered will
be reconnoitered with representatives of the
U. S. Study Commission and other interested
agencies.

4. Estimates of dam and reservoir costs will
be prepared for all sites selected for further
study by the U. S. Study Commission after the
sites have been reconnoitered. A cost curve show-
ing the relationship of dam and reservoir costs to
peol elevation for each site selected for further
study and including the sites previously studied
by other agencies will be prepared.

5. Any unusual costs for a particular site will
be explained in the estimate of cost with an ex-
planatory note. An explanation will also be
given where there are variations in unit prices
for the same items of work at different sites, ex-
cept where such differences result from varia-
tions in quantities only.

6. Appropriate contingencies will be included
and identified in” the estimate. The value to use
will be based on judgment, giving due consid-
eration to the care taken to prepare the estimate
and the accuracy of the survey data, maps, and
other data used in the study. The cost of engi-
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neering and design will be shown as a percentage
of the construction costs, including contingen-
cies, and identified. The figure used will be
based on experience and cost records of similar
projects of comparable size. Engineering costs
are considered to include all costs in connection
with making detailed dam and reservoir site
surveys, subsurface explorations, field hydraulic
investigations, model studies if required, and the
complete design of the project. The cost of
supervision, inspection, and administration will
also be given and identified.

7. Real estate will include the cost of the
land for the damsite, borrow areas, spoil areas,
and reservoir areas. For the purpose of the real
estate estimate of cost, the land will be taken in
fee to the water surface elevation of the spillway
design flood. Real estate costs will include the
estimated value of improvements, minerals, water
and other rights, severance damages, resettle-
ment, and acquisition costs. Any factor added
to the net real estate costs will be identified. The
per acre cost of land used and the cost per mile
of access roads and utility relocations will be in-
cluded in the Report.

8. The relocations and improvement costs
will be based on plans which conform to the
standards of the State and the county where the
facilities are located.

9. Data on selected sites previously studied
should be up-dated.

10. A cross-section survey will be made of
those sites which are approved for further study
by the U. S. Study Commission after the sites
have been reconnoitered. Data on existing aerial
photographs will be utilized to the fullest extent.

11. No horizontal control will be required
except as follows:

a.  Cross sections will be taken, if possible, on
lines which are shown on the photographs.

b. If section: are taken on lines which can-
not be identified on the photograph, these sec-
tion lines will be tied into known points which
are shown on the pictures and can be found in
the field. The ties may be made by stadia tra-
verse or other comparable means.

12. Vertical control will be based on mean
sea level datum,

13.  Rough leveling will be adequate in estab-
lishing temporary bench marks for cross-section-
al work.
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14. Barometric leveling may be used in estab-
lishing temporary bench marks provided baro-
metric corrections are made.

15. A cross section shall be taken only at the
damsite.

16. Cross sections may be taken with the use
of transits, levels, tapes, handlevels, or a com-
bination of all these instruments.

17. At sites where field surveys are made, the
area and capacity curves may be prepared as fol-
lows, in the absence of better methods which
might be used, within the limits of time and
money:

a. Locate the damsite on a U. S. Geological
Survey map.

b. Obtain the elevation, mean sea level, for
zero reservoir area and capacity from the cross-
section data.

c. Obtain the reservoir area by planimetering
the area within the contour lines.

d. Obtain the capacity of the reservoir at the
contour elevation by the formula:

1C=04D x A where

C == capacity in acre-feet of storage

D = the height in feet of the contour ele-
vation above the lowest (zero) eleva-
tion at the damsite

A ==reservoir area in acres at the contour
elevation

e. Use log-log paper for the area and capacity
curves. Plot the two area points and the two
capacity points from data previously obtained.
The curves will be straight lines connecting these
two points, respectively, and extending to the
maximum elevation determined from the cross
section at the damsite.

18. Dam design

a. Spillway discharge capacity —to be taken
from generalized curves which have already been
prepared by the Corps of Engineers.

b. Earth embankment slopes — as selected by
Corps of Engineers.

c. Top width of earth embankment — 20 feet.

d. Freeboard — 5 feet.

1 The factor 0.4 should be checked and modified by the
cooperating agency, if required, for more accurate
results.
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Phase Il

Guidelines and Criteria

I. Inasmuch as all the details are not given,
the Corps of Engineers will exercise its best
judgment to accomplish the work and to main-
tain the various parts of the study in relative
balance.

2. U.S. Army Map Service and U. S. Geolog-
ical Survey maps, and any other maps in the
files of the Corps of Engineers, will be used to
the greatest extent possible in the studies.

3. Corps of Engineers criteria will be used if
no specific provision is applicable from U. S.
Study Commission outline of priorities on pol-
icies and procedural guidelines.

4. Subsurface explorations are not contem-
plated for the studies and no subsurface explora-
tions for these studies will be made at any site
unless approved in writing by the U. S. Study
Commission.

5. Topographic surveys at potential dam and
reservoir sites are not contemplated and no sur-
veys will be made for these studies at any site
unless approved in writing by the U. S. Study
Commission. Surveys made for Phase I studies
and existing maps will be utilized.

6. A copy of the essential data contained in
reports made by the Soil Conservation Service
covering Phase I studies of potential dam and
reservoir sites to be studied under this technical
supplement will be furnished to the Corps of
Engineers by the U. S. Study Commission.

7. The reservoir areas, for reservoirs with
depths of 60 feet or less below the normal full
pool at the dam, will normally be completely
cleared to a line 2 feet above the normal full
pool elevation. The reservoir areas, for reser-
voirs with depths greater than 60 feet below the
normal full pool at the dam, will normally be
cleared from a line 2 feet above the normal full
pool elevation to a line at a depth of 5 feet be-
low the minimum pool elevation and at this
depth for the remainder of the reservoir area.
If areas are to be left uncleared at specific sites,
such areas will be delineated by the U. S. Study
Commission.

Detailed Requirements
1. Dam and Reservoir Design
a. The type of dam and spillway will be
selected by the Corps of Engineers.




b. The spillway design-discharge capacity will
be determined by use of curves prepared by the
U. S. Study Commission entitled “Curves for
Estimating Spillway Capacities in Coastal Plain,
or Blue Ridge and Piedmont, for Terminal

Studies of Dams and Reservoirs’
30, 1961.

c. The Corps of Engineers will determine
the size and types of outlet works required. The
details of design will be only to the extent needed
for determining the approximate cost of the
outlet works.

2. Project First Costs

dated June

a. The estimated cost will be prepared for
each project covered by this technical supple-
ment. Included in the project cost will be the
component costs of the project which were pre-
pared by other agencies. The cost of a1 access
road to the dam will be part of the dam and
reservoir costs. Roads to serve recreation areas
and for other functional purposes will be in-
cluded in the costs of works they serve. The cost
for the hydroelectric power facilities, fish and
wildlife, recreation, and other functional facili-
ties located adjacent to the reservoir will be
shown separately for each function.

b. Any unusual costs for a particular site will
be explained in the estimate of cost with an ex-
planatory note. An explanation will also be
given where there are variations in unit prices
for the same items of work at different sites, ex-
cept where such differences result from variations
in quantities only.

c. Appropriate contingencies will be includ-
ed and identified in the estimate. The value to
use will be based on judgment of the cooperating
agency, giving due consideration to the care
taken to prepare the estimate and the accuracy
of the survey data, maps, and other data used in
the study. The cost of engineering and design
will be shown as a percentage of the construc-
tion costs, including contingencies, and identi-
fied. The figure used will be based on experi-
ence and cost records of similar projects of com-
parable size. Engineering costs are considered
to include all costs in connection with making
detailed dam and reservoir site surveys, subsur-
face explorations, ficld hydraulic investigations,
model studies, if required, and the complete de-
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sign of the project. The cost of supervision, in-
spection, and administration will also be given
and identified.

d. Real estate costs will include the cost of
the land for the damsite, borrow areas, spoil
areas, and reservoir areas. For the purpose of the
real estate estimate of cost, the land will be
taken in fee to the water surface elevation of the
spillway design flood. The costs for real estate
above the design flood needed for recreation and
other purposes will be included in the estimated
costs for these facilities. Real estate costs will in-
clude the estimated value of improvements, min-
erals, water and other rights, severance damages,
resettlement, and acquisition costs. Any factor
added to the net real estate costs will be identi-
fied. The per acre cost of land used and the cost
per mile of access roads and utility relocations
will be included in the report.

e. The relocations and improvement costs
will be based on plans which conform to the
standards of the State and the county where the
facilities are located.

3. Price Levels

Price levels prevailing during an appropriate
period ending approximately January 1960 will
be used for evaluating all costs and benefits.

4. Investment Costs

The investment cost for each project is equal
to the first cost plus interest on the total first
cost for half of the construction period. Interest
for construction periods of 2 years or less will
be disregarded.

5. Interest Rates

The following interest rates will be used in
studies of project investment, evaluation, allo-
cation of costs, and cost sharing:

For Federal resource financing 254 percent

For non-Federal financing 41, percent

6. Annual Costs

a. Annual costs will be computed on the
basis of the appropriate annual interest rate with
amortization of the project investment over the
estimated economic life of the project. Included
in the annual costs will be the estimated allow-
ances for operation and maintenance of the
project and for replacement costs.

b. The economic evaluation will be based on
a maximum project life of 50 years.




PART FIVE - COST ESTIMATING
SECTION | ~ GENERAL

This Part of Appendix 11 is concerned with
monetary values for construction or develop-
ment costs and for annual operation, mainte-
nance, and replacements costs.

The designs and estimates are refined to only
that degree of precision necessary (1) to deter-
mine whether, by comparison of costs and bene-
fits, a project being investigated could reason-
ably be included in the plan; and (2) for com-
parison of alternatives to determine which pro-
jects should be included.

Prices prevailing during an appropriate period

SECTION 1l -

The total investment in a construction project,
exclusive of pre-authorization planning costs,
includes the costs of land and clearing; construc-
tion items such as relocations, excavation, con-
crete, structural steel, and the furnishing and in-
stalling of equipment; engineering and design;
supervision, inspection and administration; and
interest on the foregoing items during construc-
tion. To the subtotal of land and construction
costs is added an allowance for contingencies,
the remaining items being computed as percent-
ages of the new subtotal.

For most construction project estimates a 25-
percent contingency allowance was used. This
compares with Corps of Engineers practice of
20-percent contingency allowance for the survey
stage of investigation for projects in this arca
estimated to cost less than $71%5 million. Some
estimated construction costs were based on actual
contract costs for similar work. In such cases no
contingency item was added. Also, some agen-
cies provided only total costs, without a break-
down to show contingencies, engineering, design,
supervision, inspection, and overhead. Estimates
based on such data were used without adjust-
ment if the allowances appeared to be consistent
with those used for other projects with a similar
degree of precision in background data and de-
sign.

ending approximately January 1960 were used
for evaluating costs and benefits. However, agri-
cultural prices paid were adjusted to current,
1960, price levels with further adjustment of
items within these price levels to reflect ex-
pected future relationships among them. In ef-
fect, all nonagricultural costs and average costs
of producing each of the various agricultural
crops used were those prevailing about January
1960, with an adjustment of agricultural prices
paid and prices received based on an assumed
parity ratio of 89.

PROJECT COSAS
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Cost data in many forms were received from
many agencies, Federal, State, and private, and
were adapted for use in estimating project costs.
The sources listed below supplied cost data on
the items noted.

Federal Agencies

Public Health Service:
Domestic water supply, wells and equipment
Municipal water supply, wells and equipment
Municipal water supply, surface source pump-

ing facilities

Municipal water supply, treatment plants
Municipal water supply, elevated storage
Water distribution systems
Sewage treatment plants
Sewerage systems
Sanitary landfills
Operation and maintenance
Service life

Bureau of Reclamation:
Hydroelectri®®ants
Pumping stations
Transmission lines
Operation and maintenance
Service life
(continued)
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£ Federal Agencies — Continued

Bureau of Sport Fisheries and Wildlife:

Boat ramps

Fish hatcheries

Water control structures
Parking areas

Large impoundments

Small impoundments
Roads and trails

Operation and maintenance
Administration and service

National Park Service:

Recreation facilities, such as campsites, boat-
houses, trails, boat ramps, and piers

Sanitary facilities

Water supply

Roads

Parking areas

Administration facilities such as headquarters
buildings, and grounds, entrance booths,
markers, and general landscaping

Operation, maintenance, and replacements

U. S. Forest Service:

Roads and trails

Fire control

Tree planting
Timber-stand improvement
Management

Grazing control

Research facilities
Watershed protection
Administration facilities
Administration

Operation, maintenance, and replacements

Soil Conservation Service:

Floodwater retarding structures

Channel improvement

Farm ponds

Outlets

Recurring and enduring type conservation
practices

Drainage

Operation and maintenance

Engineering services

Administration
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Corps of Engineers, U. S. Army:
Land
Clearing
Reservoirs
Relocations
Channel work
Canals
Navigation locks
Dams (concrete and earth)
Pumping stations
Levees
Powerplants
Harbor work
Access roads
Outlet works
Spillway and appurtenances
Forest roads and trails
Forest fire control
Tree planting
Timbershed improvement
Forest management
Operation, maintenance, and replacements
Service life
Contingency allowances
Engineering and design
Supervision, administration, and inspection

Bureau of Public Roads:
Highways
Bridges
Maintenance

Federal Power Commission:
Hydroelectric plants, construction costs
Hydroelectric plants, operation and mainte-
nance costs

State Agencies

Georgia Ports Authority:
Harbor facilities
Operation and maintenance

Auburn University:
Land clearing

Forest Services:
Forest fire control

(continued)
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State Agencies — Continued

Game and Fish Departments of South Carolina,
Georgia, Florida, and Alabama:
Boat ramps
Parking areas
Fish hatcheries
Game farms
Large impoundments
Small impoundments
Fishing reefs
Fishing piers

Highway Departments of North Carolina, South
Carolina, Georgia, Florida, and Alabama:
Highways
Bridges
Grade separations
Culverts
Maintenance
Service life

Other Sources

Southern Railway System:
Railroads
Bridges
Grade separations
Maintenance
Service life

Engineering handbooks, periodicals, and other
publications:
Costs of miscellaneous items
Operation and maintenance
Service life
Cost indexes

Southern Bell Telephone and Telegraph
Company:
Pole lines
Maintenance
Service life

Plantation Pipeline Company:
Petroleum pipelines
Petroleum pumping stations
Petroleum storage tanks
Petroleum metering equipment
Operation and maintenance
Service life
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Southern Natural Gas Company:

Gas pipelines

Compressor stations

Metering and regulating stations

Operation and maintenance

Service life

The service life of project components is
important because of the direct bearing on re-
placement costs. Although it may be contended
that a component with a longer service life than
the economic life of the project of which it is a
part is not justified, this is not necessarily the
case, because of the cheaper maintenance and
more nearly trouble-free operation thai usually
characterizes long-lived units. The period of an-
alysis was established as the economic life of each
project or program on the basis of individual
case study. An assumed economic life longer
than 50 years was provided for when warranted.
However, a maximum of 50 years was used in the
studies, although annual costs figured on that
basis may be conservatively high in many cases.

Service lives of project components such as
spillway gates for dams and equipment for
ground water supply installations have been esti-
mated as an aid in determining the annual costs
over the period of analysis of the project.

Cooperating agencies furnished cost estimates
in technical memoranda in connection with
single-purpose studies. These are generally of a
very preliminary nature and for the purpose of
judging whether or not a project is economically
feasible as a single-purpose development, or
which of several schemes or locations will best
serve the purpose, considering cost and other
factors.

A further step in planning, the terminal
studies, was also undertaken by cooperating
agencies under agreement with the Commission.
Under these agreements these studies were to
include selection of the most desirable projects
and preparation of estimates of investment and
annual costs and allocation of these costs to
the purposes served by multiple-purpose projects.

After the terminal studies for the first two
basins were well underway, it was possible to
handle the administrative details of the coopera-
tive arrangements on a less formal basis than was
first contemplated. This expedited the work and
provided greater flexibility in making adjust-
ments in the plans as they were developed.
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In many cases reconnaissance and preliminary
studies were made by the Commission and esti-
mates were made by cooperating agencies on
request. All cost allocations for multiple-purpose
projects made by other agencies for the two
earlier basin studies were revised to agree with
standards established by the Commission. For
the six remaining basin studies, cost allocations
were made by the Commission.

The Commission made cost estimates in all
stages of the studies and also reviewed many
agency estimates. During the planning, single-
purpose projects in addition to those proposed

in the technical memoranda as well as additional

alternatives were often investigated, necessitating
prompt estimates by the Commission.

Maximum use was made of generalized de-
vices, such as curves showing total costs of cer-
tain types of projects related to project charac-
teristics. For example, curves were developed for
various sizes of navigation locks, relating costs
to lifts in feet. An example of estimating data
in tabular form for transmission line land re-
quirements, structures per mile, and cost per
mile, arranged by type of construction and ca-
pacity, is shown in Table 5.1.

TABLE 5.1

Transmission Line Costs

(exclusive of right-of-way and clearing)

Type of construction Nominal Right-of-way Structures Cost
voltage - per per
(kilovolt) Width Acres mile mile
(foot) per mile
Wood pole, single circuit____ . ______ e 33 50 6 21 $5.040
44 50 6 20 5.740
66 75 9 19 6,760
Wood pole, single circuit,
two lines, same right of way_ . . ________________ 33 90 11 42 10,080
144 90 11 40 11,480
66 140 17 38 13,520
Wood H-frame, single circuit .. ... ____________ it 66 100 12 9 9.640
110 100 12 8.5 12,200
132 100 12 8 13,920
154 125 15 7.5 16,240
220 125 15 7 18.240
Wood H-frame, single circuit,
two lines, same right of way_. ... _____________ 66 175 21 18 19.280
110 175 21 17 24,400
132 175 21 16 27,840
154 200 24 15 32,480
220 200 24 14 36,480
Steel tower, single circuit_ . _______________________ 66 100 12 6 19,860
110 100 12 5.6 24 850
132 100 12 5.3 28,460
154 125 15 5 32,680
220 125 15 4.8 37.280
Steel tower, double cireuit . _ .. ____________ ____ i 66 125 15 6 30,380
110 125 15 5.6 40,600
132 125 15 5.3 44,600
154 175 21 5 51,500
220 175 21 4.8 58,700
Steel tower, single circuit,
two lines, same right of way_ . __________ _______ 66 200 24 12 39,720
110 200 24 11.2 49,700
132 200 24 10.6 56,920
154 250 30 10 65,360
220

250 30 9.6 74,560




Price indexes, particularly those published
weekly and summarized quarterly by Engineer-
ing News-Record, were utilized extensively as
an aid in converting costs of projects or project
components constructed in years prior to or
after January 1960 to the January 1960 price
level. The index comparisons published by the
Office of Business Economics and the Business
and Defense Services Administration, both
agencies of the U. S. Department of Commerce,
were also useful.

Abstracts of bids on Corps of Engineers proj-
ects for which contracts were awarded within
a period of a year or two prior to January 1960
were used as aids in estimating unit costs of
construction items for similar work.

Judgment factors were important in estimat-
ing items of investment costs. Among the condi-
tions which affect unit construction costs are
the size of the job, the ease or difficulty of con-
struction, the quantities of individual items, the
location of the project, the availability and
market price of materials and labor, the competi-
tion for contracts, and sometimes the financial
situation of the successful bidder, which may
cause him to bid high on one or more items
which can be completed early in the construc-
tion period and compensatingly low on one or
more of those to be completed later. Obviously,
not all of these circumstances can be foreseen in
preparing preliminary estimates. Those which
were known and which clearly would affect over-
all costs were taken into account.

Price indexes are reliable only to the extent
that the combination of work and material
items on which the index is based resembles the
main items in the project being considered.
Thus the Engineering News-Record Construc-
tion Cost Index becomes less reliable when
applied to projects involving a large proportion
of machinery or of skilled labor, since neither
of these items is used in establishing it. There-
fore, judgment was applied when using this
index.

Figure 5.4 shows investment costs of dam and
reservoir projects by reservoir area for each of
the eight basins. The points shown on the charts
include both estimated costs of considered and
proposed projects and actual costs of existing
projects adjusted to the January 1960 price level.
Power facilities are not included. Basin numbers
indicated are as follows:
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1. Savannah

2. Ogeechee

3. Altamaha

4. Satilla-St. Marys

5. Suwannee

6. Ochlockonee

7. Apalachicola-Chattahoochee-Flint
8. Choctawhatchee-Perdido

Figure 5.5 shows investment costs of dam
and reservoir projects by reservoir volume below
normal pool level for all eight basins.

Information received from Federal, State, and
private agencies based on their own records was
used where applicable, with such adjustment as
appeared necessary for the project involved.
Some of the factors affecting operation, mainte-
nance, and replacements costs are size of project,
method of operation, proportion of investment
in machinery, useful life of project components,
durability of construction, and availability of
labor.

To achieve reasonable uniformity in estimat-
ing annual operation, maintenance, and replace-
ments costs for dam and reservoir projects, the
four main features involving such costs were
considered separately and a set of curves de-
veloped for each. On each set of curves the
ordinates are the feature investment costs in-
cluding a pro rata share of the project contin-
gency allowance but not including engineering
and administration. The annual operation, main-
tenance, and replacements costs are the abscissae.
The curves shown in Figure 5.7 are empirical
and are based on values derived from agency
experience on similar projects and on independ-
ent judgment. The average minimum and aver-
age maximum curves are shown to permit the
selection of a value between these curves de-
pending on interpretation of conditions existing
at the particular project being considered. Both
limiting curves steepen as the feature cost in-
creases to take account of the normal increase
in efficiency in use of equipment and manpower
on the larger projects.

Certain purposes listed in Public Law 85-850,
or components of those purposes, may involve
relatively small construction expenditures and
relatively large management, technical assistance,
or supervisory costs and may be considered on
an area basis rather than as individual projects.
Purposes considered in this respect are (1)
flood control and prevention; (2) the reclama-
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AREA—THOUSAND ACRES
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DAM AND RESERVOIR INVESTMENT COSTS

BY RESERVOIR VOLUMES
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CONSTRUCTION QUANTITIES

DAMS AND RETAINING WALLS
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EARTH DAMS

NOTE: FOR ESTIMATING CONCRETE QUANTITIES IN CONCRETE GRAVITY DAMS AND SPILLWAYS, DATA SHOWN IN CREAGER AND
JUSTIN'S HYDRO-ELECTRIC HANDBOOK, 2nd EDITION, PP. 361 AND 371, WERE USED.
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FEATURE COST~MILLION DOLLARS

FEATURE COST-MILLION DOLLARS

DAMS AND RESERVOIRS
ANNUAL OPERATION, MAINTENANCE AND REPLACEMENTS COSTS
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Figure 5.8 Navigation Locks, Investment Costs.

tion and irrigation of land, including drainage;
(3) soil conservation and utilization; (4) forest
conservation and utilization; (5) preservation,
protection and enhancement of fish and wild-
life resources; and (6) the development of rec-
reation. Large construction projects for any
purpose were considered individually rather
than in the category defined above. Examples
are a large flood control dam or a large and
costly recreation development in a specific loca-
tion.

Costs of facilities for purposes numbered (2)
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